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Preface : -. , 
S i n c e i t s s t a r t i n A p r i l , 1 9 7 5 , t h e IDB-ECLA P r o g r a m o f R e s e a r c h 
f n S c i e n c e a n d T e c h n o l o g y h a s b e e n i n t e r e s t e d t o b e g i n r e s e a r c h o n t e c h -
n o l o g i c a l c h a n g e i n t h e L a t i n A m e r i c a n s t e e l i n d u s t r y . T h i s i n t e r e s t 
h a s now t a k e n s h a p e i n two s p e c i f i c l i n e s o f r e s e a r c h , ( o n w h i c h w o r k ' 
h a s p r o c e e d e d t h r o u g h o u t 1 9 7 6 ) . - > 
: T h e f i r s t l i n e o f r e s e a r c h i s c o n c e r n e d w i t h ' L e a r n i n g a n d T e c h n i -
c a l C h a n g e i n L a t i n A m e r i c a n S t e e l F i r m s ' . I t i s p l a n n e d a s a s e r i e s 
o f r e l a t e d m i c r o - e c o n o m i c c a s e - s t u d i e s , e a c h o f w h i c h w i l l be f o c u s e d 
o n o n e p a r t i c u l a r L a t i n A m e r i c a n s t e e l p l a n t . T h e f i r s t o f t h i s s e r i e s 
o f s t u d i e s was commenced a t t h e e n d o f 1975 a n d i n v o l v e d t h e p l a n t o f 
A c i n d a r , S . A . i n R o s a r i o , A r g e n t i n a . '. • 
S i m i l a r s t u d i e s a r e b e i n g o r g a n i s e d i n s t e e l p l a n t s I n P e r u , M e x i -
c O j C o l o m b i a and a l s o B r a s i 1 . 
I n b r o a d t e r m s t h e o b j e c t i v e s i n t h e s e m i c r o - e c o n o m i c s t u d i e s 
c a n be d e s c r i b e d as f o l l o w s : a ) t o e x p l o r e t h e a n n u a l r a t e a n d d i f -
f e r e n t k i n d s o f t e c h n i c a l c h a n g e s t h a t h a v e b e e n i n t r o d u c e d i n e a c h 
p l a n t o v e r a s u b s t a n t i a l p e r i o d o f t i m e ; b ) t o e x a m i n e t h e e f f e c t 
t h a t t h e s e d i f f e r e n t v a r i e t i e s o f t e c h n i c a l c h a n g e i n t h e p l a n t h a v e 
had on m a n u f a c t u r i n g p r o d u c t i v i t y ; c ) t o e x p l o r e t h e e x t e n t t o w h i c h 
t e c h n i c a l c h a n g e has d e r i v e d f r o m t e c h n i c a l e f f o r t s i n t e r n a l t o t h e 
f i r m a s a g a i n s t f r o m l i c e n c e s , t e c h n i c a l a s s i s t a n c e c o n t r a c t s , e t c . ; 
a n d d ) t o e x p l o r e t h e d e t a i l s o f t h e t e c h n o l o g i c a l l e a r n i n g p r o c e s s 
f o l l o w e d by e a c h f i r m . I n summary t h e p r i n c i p a l g o a l o f t h i s f i r s t 
l i n e o f r e s e a r c h i s t o g e n e r a t e b o t h new d e t a i l e d i n f o r m a t i o n a n d 
i f 
new d e s c r i p t i v e h y p o t h e s e s c o n c e r n i n g t h e m i c r o - e c o n o m i c t e c h n o l o g i c a l 
b e h a v i o r o f t h e L a t i n A m e r i c a n s t e e l s e c t o r . 
; - T h e s e c o n d l i n e o f r e s e a r c h i s c o n c e r n e d w i t h t h e r e l a t i o n s h i p 
w h i c h e x i s t s b e t w e e n t h e t e c h n o l o g y i n u s e i n l e a d i n g L a t i n A m e r i c a n 
s t e e l f i r m s a n d t h e t e c h n o l o g y w h i c h r e p r e s e n t s t h e u n i v e r s a l l y r e c o g -
n i s e d b e s t p r a c t i c e " f r o n t i e r " . •; • ; . . , • 
, .Y - R e s e a r c h o n t h i s t h e m e h a s b e g u n w i t h a s t u d y w h i c h t h e I D B - E C L A 
P r o g r a m h a s c o m m i s s i o n e d f r o m t h e I n s t i t u t o C h i l e ñ o d e A c e r o ( I C H A ) , 
d i r e c t e d a t a n s w e r i n g t w o b a s i c q u e s t i o n s : a ) w h a t c h a n g e s h a v e t a k e n 
p l a c e i n t h e l a s t t w o d e c a d e s i n t h e ' s t a t e o f t h e a r t ' i n s t e e l m a k i n g 
a t t h e w o r l d l e v e l , a n d t o w h a t e x t e n t h a v e t h e s e c h a n g e s b e e n a d o p t e d 
i n L a t i n A m e r i c a ; b ) how h a s t h e p r o c e s s o f t e c h n o l o g y a b s o r p t i o n by 
t h e i n t e g r a t e d s t e e l w o r k s o f A r g e n t i n a , B r a s i 1 , M e x i c o , P e r u , C o l o m b i a 
a n d V e n e z u e l a b e e n p r o c e e d i n g up u n t i l n o w , a n d how i s i t l i k e l y t o 
p r o c e e d b e t w e e n now a n d 1 9 8 5 , a d a t e f o r w h i c h many f i r m s h a v e a l r e a d y 
g o t f a i r l y d e t a i l e d i n v e s t m e n t a n d t e c h n o l o g y a c q u i s i t i o n p l a n s . 
_ I n o t h e r w o r d s t h e r e s e a r c h c o m m i s s i o n e d f r o m ICHA was a i m e d a t 
p r o v i d i n g a f i r s t b r o a d v i e w o f t h e s i t u a t i o n i n L a t i n A m e r i c a n s t e e l -
m a k i n g w i t h r e s p e c t t o t h e u n i v e r s a l t e c h n o l o g i c a l f r o n t i e r . I t s h o u l d 
s e r v e a s a u s e f u l b a s i s b o t h f o r f u t u r e c o m p a r a t i v e s t u d i e s a n d a l s o 
f o r t h e d e v e l o p m e n t o f T e c h n o l o g y P o l i c y p r o p o s a l s a t t h e n a t i o n a l a n d 
i n t r a - r e g i o n a l l e v e l . 
i i i 
r > • . 
The present monograph presents the results of the initial 
study carried out irtsconnection with the first of the two lines 
of research just mentioned - i.e. on Learning and Technical Change 
in Latin American Steel Firms. 
The monograph deals with the technological experience of 
the steelplant of Acindar S.A. in Rosario, Argentina. It examines 
the record of the changes introduced in the plant from 1943, the 
start-up year of the plant, to 1976. 
Chapter I explains the relationship between the Rosario plant 
and Acindar as a whole. Chapter II introduces the reader to the 
technology of the Rosario pitent and then provides a detailed analy-
sis concerriing the nature and rate of the technical changes intro-
duced in the plant, as well as seeking to explain how the observed 
pattern of technical change developed. Chapter III then takes up 
the theme of 'learning' and its connection with the generation of 
technical changes in the plant. 
rf What emerges clearly from the monograph is the fundamental 
heterogeneity of technical change when it is viewed at the micro-
economic level. Unit cost reduction turns out to be only one, and 
< 
often not the most important, objective for the technical changes 
made in the Rosario plant. Other major objectives have included 
increasing production capacity, changing the product-mix, changing 
the product quality, reacting to changes in raw material inputs etc. 
iv 
The monograph then seeks to show that this heterogeneous pattern 
of technical change, and the equally heterogeneous learning efforts 
that generate it, require the development of a new approach to the 
study of technical change. 
A c k n o w l e d g e m e n t s . 
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a 
LEARNING_AN_D_TECHNICAL_ CHANGE_ l_N_ THE_ ST|E_LPLANT i ^ _ A C J N D A R _ S : A. 
|_N_ ROSARIO_, _A_RGENTJNA_ 
By modern technological standards the Rosario plant of the Argentine steelmaking enter-
prise Acindar is obsolete. The plant is 33 years old, it uses out-of-date Siemens Martin furnaces fo| 
steelmaking, a 26 year old primary mill for billet-rolling, and a semi-automated finishing mill of 
equally antique origins for the rolling of round bars and profiles. Added to this, the plant suffers 
i ' i • . 
an economic handicap owing to its small scale of operations, and has been starved of investment 
funds throughout most of its existence owing to the priority accorded by Acindar's directors to their 
two more modern steelmaking plants located 50 km away from Rosario in Vil la Constitución. 
1 At first sight the fact that the Rosario plant is obsolete, underscaled and investment-
starved would not appear to recommend it as a candidate for an in-depth study concerned with 
technical change. Indeed one might well expect the study of such a plant to produce only a por-i • 
; trait of technical stagnation. But a closer look at the experience of Rosario plant reveals that a 
very great deal of technical change has in fact taken place there, and that several features of this 
rich experience of technical change offer worthwhile opportunities for investigation. 
In the first place, the very success of this 'obsolete' plant in finding on economically 
viable path of technical adaptation over more than three decades raises questions as to the useful-
ness of the existing concepts of obsolete technology. It suggests that there might be many more 
possibilities for technically improving and adapting 'old-vintage' technologies than economists _ 
writing about technical change have tended to recognize. (I) 
(I) One economist who has recognized the possibilities is Samuel Hollander who states that "v*onsi 
deration of investments at various plants suggests that relatively small investment expenditures 
incorporating modifications to existing plants are capable of generating large improvements in 
efficiency. Such improvements are sometimes sufficient to permit an older plant to produce at 
- 2 -
In the second place, the fact that the technical changes introduced in the Rosario plarn 
icve been For the most part adaptations, adjustments and minor extensions or the existing ¡Hstaiia-
ions offers the opportunity for a case-study of ' increment! technological change1 in the plant 
vhich would aim to answer questions such as: 'What different kinds of incremental technical 
;hanges have been introduced?1, 'What has been the effect of incremental technical changes 
>n productivity?' ' Is there evidence of a saturation effect whereby the possibilities for incre-
mental innovations run-out unless there are periodic mejor incorporations of new technology?' c rJ 
»thersuch questions which have been raised in the literature cin incremental innovation. (\) 
In the third place it is notable that the technical changes introduced in the Rocario plan* 
¡ave bean to a great extent conceived and executed by the plant's own personnel. In other words, 
he plant has benefited from a considerable degree of endogenous technology creation, cod it ha:» 
ot merely relied on exogenous sources of technological improvement such as machinery suppliers,: 
utside engineering consultants, etc. So a study of the record of technical change in the Rosario . 
Jant offers the opportunity to explore how these endogenous technology creation activities arose 
n the first place (whether through learning-by-doing, for example, or through other means) and 
uni t cost ¿which are not substantially higher ... than those at a newly constructed plant em-
bodying the latest technology." S. Hollander The Sources of Increased Efficiency.. A study of 
the Du Pont Rayon Plants, M. l . T . University Press, Cambridge, 1966. 
I) Nathan Rosenberg has argued forcefully that "the prevalent conceptualization of techno logical 
change and innovation in economics has tended io confine analysis of innovation to .charac-
teristics likely to be true only of major innovations. Much of technological change, however., 
which produces important economi c benefits, consists of the cumulation of minor improvement's;J 
N.Rosenberg An Assessment of Approaches to the Study of Factors affecting Economic Payoffs 
" from Technological innovation, Vol.-1, Analytical Report and Summary, National Science 
Foundation, Washington D.C., March 1975. 
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also to explore How they have developed since. (I) 
These three lines of investigation i.e. the questioning of the concept of obsoleteness, 
the possibility to contribute to the literature on incremental technical change, and the chance 
to explore the origins and growth of endogenous technical change in a steelplant in an industrially 
dependent country, were the reasons underlying our. project to embark on an in-depth study of 
technical change in Acindar's Rosario plant, a project which was lucky enough to count on the 
generous co-operation of Acindar's directors. 
The information on which this Monograph is based derives mainly from three visits by the 
author to Rosario in December 1975, April 1976 and September 1976, during which 10 complete 
days were spent in the plant. In these visits the activities undertaken were i) to become familiar 
with the main productive activities and technologies in use in the plant; ii) to interview several 
senior staff plant on the subject of the types of technical changes introduced and the circumstances 
surrounding these changes; and i i i ) to study the so-called 'Plant Reports' which had been pre-
pared annually by the management in the Rosario plant. (These reports contain a good deal of 
interesting technological and economic information on the performance of the plant during the 
year in question). 
0 ) Kenneth Arrow, in 1962, advanced the hypothesis that "technical change in general can be 
ascribed to experience, that it is the very activity of production which gives rise to problems 
for which favourable responses are selected over time"1. See K. Arrow The Economic Implications 
of Learning-by-doing, Review of Econom ic Studies, June 1962. However both Arrow's paper 
and the large literature which followed it then concentrated attention on proxy measures of 
learning related to such factors as cumulated output, cumulated elapsed time, etc. In this paper 
we are concerned to explore empirically what specific kinds of problems have arisen as a result 
of production activities in the Rosario plant, and what particular responses, involving technical 
change, have been developed by the plant's personnel to cope with these problems. It should 
therefore be possible to identify the mechanisms which generated the learning pattern in Rosario 
plant, and not just the results measured in terms of. improved performance. 
- 4 - ' 
Besides, making use of information derived from these three plant visits it has also been 
possible to consul the complete set of Ac?ndar!s Annua! Report's and Accounts from 1943 to 1974 
In addition, the monograph draws on materia! gathered in taped interviews with two of As indori 
Directoss in the company's'headquarters in Buenos Aires, as well as on material contained in a 
recently published paper by the Deputy Direc'or of the Rosario Piant. 
CHAPTER 1 
THE ROSARSO PLANT WITHIN. ACENDAR 
The enterprise Acindar S.A. was founded on 24fh. December 1942. its firs? plan? was 
coiistrueted in the city of Rosano and began production in 1943. This plant Siii! xists and continue 
production in the present day, and it is precisely the technological evolution of this plant which 
we ere interested in exploring in the present study. 
However, the fact that-Acindar as an enterprise operates with other plants - and not 
only with the plant in Rosario - obliges us to consider the evolution of the Rosario plant within 
She framswoik of the evolution of the enterprise considered as a whole. 
As a first step tworcb understanding the effect on the Rosario plant of Acindar's other 
industrial activities it ir. useful to examine the complete-set of the Annua! Reports and Accounts 
produced by Acindar since '943. The information set out in thete reports pesmits one to establish 
the chronology - not crJy of the initiation but also of some of the outstanding events in the suc-
ceeding evolution - of aSi the new plants, projects and affiliated enterprises which Acindar 
started up or participated in from 1943 onwards. A resume of this chronological infoimation 
obtained from the Annua! Reports is contained in the chart overleaf. 
It shows that the Rosario plant avoSved as one out of a set of altogether nine 
industrial ventures engaged in by Acindar.. 
Of these nine ventures, four can be eonsidersd to belong to the classic definition of 
sfeeS industry activities (Ue. stee!-making and steeS rolling) and five can be considered as diversi-
fications» 
•'Exercise 
Activity of Year 
• Acindar 
CHRONOLOGICAL TABLE SHOWING THE DATES OF FIRST INVESTMENT, 
START UP, AND,DURATION OF ACINDAR'S INDUSTRIAL VENTURES 1943-1976 
1 2 3 - 4 5 6 7 8 9 10 1 1 1 2 131425 16 17 18 19 2 0 2 1 22 23 24 2 5 26 2 7 23 29 30 3 1 32 33 34 
43 ¿445 A*6 ¿748 ¿9 50^1 52j53^4 155J56157j5s|59 |6o|6l|52 |o 3j64J55 |o6¡67 j6s|69j7o[7lJ72J73 7AJ 75j7€ 
Key: Dotted-vertical line indicates the approximate date oftfirst investment ; single vertical solid line indicates 
the date of start-up_of the plant_or_activity;~double vertical solid lines indicate the termination date of 
]_•__.••; \ i. 1 L'.| i '.¡.. > V : f 1 I i ; ; .! • 
i i,j ' ':•'•> hi. !.: 1. J I.. i > ' ' • "i I ' ' ; ! ' ' 
i the" venture. 
i 
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The four steel-industry ventures are: i) the Rosario plant itself, which started production 
in 1943; ii) the Acevedo plant in Villa Constitución which started up in 1951; ii i) the Marathon 
plant in Villa Constitución, which started up in 1962-63, and iv) the Plant Integration Project, 
which was first launched in the 1950s and is now finally going ahead with the construction of aa 
. . • • ' i - ' * ' ' ; 
integrated Direct Reduction and Electric Steelmaking plañí in Vil la Constitución, to come on 
Sh-eam in 1976. ' 
The five *d iversificatioh véntures are i) Acinfer (which made cast comporiehtá fctf llw 
auto-industry; ii) Misipa (whiáti waá sét up to explore the iron-ore deposits of the Sierra Grande); 
iii) Armetal (which produced stamped pieces and parts for the automotive industry); iv) Acinpiast 
(which produces PVC and Polyethylene Tubes and Pipes); and v) Indape (which made silicon-
steel and special steel panels). 
It is probably safe in a first approximation to neglect the effects of the 5 diversification 
ventures on the Rosario plant - except for their combined effect in altering the overall volume of 
investment funds available to the 4 steelmaking ventures (1). 
However, it is certainly not possible to neglect the effects on the Rosario plant of 
Acindar's other steelmaking ventures. 
The Aceyedo plant, in particular, has had a dominating influence on practically the 
entire development of the Rosario plant. Indeed from as early as 1951 when the Acevedo plant first 
came on stream, the two plants (i.e. the Rosario and Acevedo plants) began to be run in tandem 
(I) This 'first approximation1 is based on the short period of time during which three of the fi ve 
diversification ventures lasted, and on the lack of ' f i t ' of their production with that of the 
Rosario plant. In the case of the two longer lasting ventures Acinfer and Acinpiast, these 
have probably had some impact on decisions concerning the Rosario plant but their influence 
does not compare in importance to the influence of Acindar's steelmaking ventures. 
and one can trace an ever earlier relationship in the sense that most of the profits made in the 
first five years of the Rosario plant's existence were ploughed into the building of the Acevedo 
plant. 
The running of the Rosario and Acevedo plants ' in tandem1 has meant that the decisions on 
the product mix and levels of output in the Rosario plant, and on the investments programmed for 
the plant have reflected Acindar's assessment of the 'comparative advantages' of production and 
investment in Rosario vs. in Vil la Constitución; and this arrangement (as we shall see in Chapter 
I I ) has led to the Rosario plant evolving as a producer of billets for the Acevedo plant. It has 
also led to a sharing out of the production of commercial rolled products between the two plants 
- w i t h the Rosario plant having to specialise in product types and dimensions involving small 
production runs. 
The influence of the Marathon plant on the output levels and product-mix of the Rosario 
plant is of more recent origin (since the Marathon investment only began in 1960-61) and in 
general this influence seems to have been much less strong than the influence of the Acevedo plant 
- probably because there has been less opportunity or need for 'complementarity1 in the type of 
products produced by Marathon and the Rosario plants (i.e. there has been less opportunity or 
need for one plant to produce inputs for the other plant or to reduce output in given lines in 
favour of the output of the other plant). However this situation may be changing. Exchanges of 
intermediate products between the plants appear to be increasing during the 1970s and the Marathon 
plant appears to have been a significant influence in stimulating the production of fine and special 
steels in the Rosario plant since about 1971. (For more details on this, see Chapter I I ) . ; • 
As for the successive Plant Integration Projects, these appear to have influenced the 
Rosario plant mainly in terms of absorbing scarse investment funds of which fraction might have been 
used to modernize the Rosario plant. For instance; in 1961 there Wtis a project to install continuous-
casting facilities in the Rosario plant which was considered very worthwhile, but it did not go 
ahead because the funds were being held in reserve pending the approval of Plant Integration | 
Project No. I I I . (1) 
The above examples of the effects of the Acevedo plant, the Marathon plant and the 
Plant Integration Projects on the evolution of production and investment in the Rosario plant sug-
gest that these effects are sufficiently strong that they must inevitably form an integral part of the 
present study. 
Furthermore, the influence of Ac indar's other steelmaking ventures on the Rosario plant 
is not confined simply to effects on production and on investment in Roscrio - thus in Chapter II 
we discuss some of the ways in which the existence of these other plants has affected the organiza-
tion and the staffing of the Rosario plant. In addition, there have been many occasions when the 
Rosario plant has benefited from skills, information, ideas, machinery and services drawn free or 
at low cost from the other steelmaking ventures - i.e. when the Rosario plant has obtained external 
benefits from Acindar's other steelmaking ventures; and there have also been occasions when the 
Rosario plant provided external benefits to these other steelmaking ventures. 
The combined influence of all these interactions has evidently greatly influenced the 
pattern, and the economics of technical change in the Rosario plant and means that we shall need to 
examine all these interactions explicitly i f we are to fully explain the record of the Rosario plant 
in introducing technical change. 
(!) Incidentally, the effect of the new Direct Reduction and Electric Steelmaking Plant due to come 
on stream in Vil la Constitución in 1978 may be dramatic for the Rosario plant because it wi l l lead 
to a situation in which Acindar as an enterprise wi l l for the first time be able to count on adequat 
supplies of its own crude steel to feed its rolling mills. This could well lead to the shut-down 
. of the steelmaking section in Rosario. 
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At the same time, the existonce of oil these interactive effects raises a question con-
cerning the applicability of the results of the present study. The question is: Does the fact that 
the Rosario plant has evolved in 'strong interaction' with the other steelmaking ventures of 
Aeindar make the experience of the Rosario plant a 'special case1 ? 
Obviously, i f the experience of the Rosario plant really constitutes a 'special case' 
then the patterns of technical change discovered there might have only limited relevance to other 
plants based on old mintage technology. But i f , as we suspect, the endogenous generation of 
technical change in Rosario can not simply be explained on the basis of the peculiar status of the 
Rosario plant within Aeindar, then the experience of the Rosario plant in technology generation 
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CHAPTER I I THE NATURE AND RATE OF TECHNICAL CHANGE IN THE ROSARIO PLANT 
An economist trying to understand the nature of technical change in the Rosario plant 
soon realises that there is a terrific gtJp between the way ih which technical change is con-
ceived and experienced by the plant's managers, engineers and personnel and the way in wliich 
technical change is presented in traditional economic textbooks. 
This is inevitable - because the traditional economic analysis of technical chartge has 
tended to focus almost exclusively on the effects of changes of technique in reducing the unit 
costs of 'homogeneous' products produced by 'black-box' processes, and this kind of analysis 
tends to exclude such matters as product heterogeneity, changes in product mix and the in-
vestigation of just what goes on inside the 'black-boxes' (I). Yet in the Rosario plant we are 
faced by a multi-product plant which has diversified its product-mix several times, in which 
there have been significant changes in product quality, and in which technical change has 
been achieved very largely by making modification':-to the l i s t i n g installed'black-boxes'. 
Thus, while not rejecting the importance and usefulness of analyzing the behaviow of unit 
costs in the Rosario plant, there is no doubt that our analysis must go considerably beyond that 
i f we are to ful f i l l our objective of analysing the overall phenomenon of technical change in 
in the plant, rather than merely a fraction of it. 
I) The idea that the Economist's terrain does not extend to such matters has been expressed by 
no lesser an authority than Robert Solow, who once said that "The economist really need not 
know at all what it feels like to be inside a steel plant... he quantifies technological change 
by making measurements of output per man-hour, or output per unit of this or input per unit 
. of that". See Solow, R.M. (1965) Education and Economic productivity. In Harris S., and 
Levensohn A, (Eds.) Education arid Public Policy, McCutcheon, Berkeley, California. 
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To cross this gap which separates the traditional approach of economic analysis from thé 
reality of technical changeas it is experienced at the plant level, the logical starting point for 
our enquiry wi l l be to understand in considerable detail the technology and activities of the 
Rosario plant itself. In other words to see just what the plant consists of, what products it makes, 
what processes it uses and how the plant is organised and operated. Hence the first section of 
this present Chapter is entirely devoted to explaining each of these facets of the Rosario plant 
which together make up what we might call the 'technological structure' o f the plant. 
It is then possible, in the second port of thp xhapter, to trace out some of the main ways 
in which the plant, its processes and its products have evo lived over the whole period from 1943 
to 1976. From this we are then able to draw some important conclusions not only about the di f-
ferent kfads of technical changes which were introduced in the plant, but also tabout the 
changing rote of introduction of technical changes at different periods in the life of the plant. 
Finally, in the third part of the Chapter we try to explain why the pattern of technical 
change in the Rosario plant has followed the observed path. In particular we demonstrate how 
many of the technical changès'appear to have Been clearly provoked by specific exogenous events 
and demands which impinged on the Rosario plant, whilst other technical ehartges appear t^ have 
arisen essentially in response to persistent and identifiable endogenous pressures. 
The unavoidable impression ore gains from the evidence presented in this chapter is that 
the phenomenon of technical change in the plant is more interesting when it is not confined within 
the traditional economist's box and that the technologist can rightly say to the economist "there 
are more things, in heaven and earth than aré dreamed of in your philosophy". Or , to put 
matters in a somewhat more cheerful way for the economist, our account suggests that there are 
several 'dimensions' of technical change in the Rosario plant - which, just like the unit cost-re-
ducing dimension, seem to require economic analysis! 
. -13-
SECTION I 
The Rosario Plant, its Technology 3od Organization 
The plant is located on one of tha principal avenues leading into the ci-
ty of Rosario in the Province of Santa Fe, Argentina. It is some miles inland 
from the river Parana, yet the plant enjoys good communications both by pavsd road-
way and by its own rat 1 1 ink into the Mitra rai lway and thus to tha national rai lw3y grid . 
In contrast to the giant integrated steelworks, Somisa, which is located further 
down the river Parana in the port of San Nicolas and which makes its steel from tha pig-
1 ron resulting from the smel t! ng of i ron ore In bl ast furnaces, the Rosario plant is ba-
sed on the use of scrap as its principal raw material. 
The scrap that tha Rosario plant requires is mostly bought by Acindar from out-
side suppl iers and gets del ivered to the plant by truck and by rail. However, these ex-
• i 
• • > 
ternal suppl ies are supplementsd by significant quantitieso.f 1 internal1 scrap which 
is generated inside the Rosario plant itself as a result of its steelmaking and steel 
rolIing operations. 
The activity of the Rosario plant is i) to transform th3 scrap into steel ingots, 
H ) to then rol I these ingots into intermediate products known as bi 1 lets , and i i i) to 
goon to roll a fractionof thebillets into end products such as steel reinforcing 
bars, profiles, forging bars, etc. (l) The fact that the pi ant incorporates both ' 
steelmaking and steel "rol 1 ing facil it ies makes it what is cal led a 'semi-integrated1 
steel plant, in sontrast to 'non- integrated' plants which typical ly have only rol-
I ing faci Hti'ast Iftssal and in e^atrsot to' Integrated' iron~ore based plants such 
(l) Ingots are products made by pouring liquid steel into moulds made of foundry-
iron, and letting the steel cool down and solidify. Ingots usually are of 
square or rectangular cross~sect/on and have a 'tapered' shape leading from 
a wider base-section to a narrowertop-section. Dillets are uniform steel 
bars of square cross-section ranging from 50 x £50 mm to 125 x 125 mm. Tha 
other products are described later on. 
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as Somisa which must inaorporate an ore-reduction stage, i.e. blast furnaces or direct reduction 
facilities (1), prior to their steelmaking units. - • '•*•'•.„•-'.: 
The productive sequence carried out in the plant . ; - "v 
We shall now briefly describe the sequence of processing steps carried out in the Rosario 
plant: " ••• ^ ^ -«" ' • ! v • * <-: _ r . • ^  . / I (.-,- '!. f .! - ' ' 
I 
To begin with'the deliveries of iron and steel scrap get deposited in an immense scrap 
park, together with the stocks of internal scrap. Here, a series of operations such as cutting-to-
size, densifying and classification of the scrap are performed so as to prepare boxes of graded 
scrap for use in the plant's steelmaking operations. 
Next, the scrap is loaded into the plant's Open Hearth (Siemens Martin) furnaces where 
it is converted by melting and refining into batches of liquid steel. Then when each batch of 
liquid steel is ready, it is poured out into ingot moulds thus forming the intermediate products 
known as ingots. With its present technology the Rosario plant produces approximately 140,000 
tons of these ingots per year. : """•" - , ; ! - ; • r • " j 
" In the next stage of transformation these ingots are shaped on the plant's No. I Rolling 
mill into long steel bars of square or rectangular cross-section known as billets. The plant 
currently rolls nearly 100% of the ingots ¡ t produces into billets, and it also rolls smali quanti-
ties of other ingots acquired from Acindar's Marathon plant, plus a proportion of already formed ; ' . ' y (2) blooms and billets which need rerolling. Hence the annual tonnage of billets rolled is currently 
(1) Blast furnaces transform iron ore into liquid pig-iron which is then transferred tp steelmaking 
units which usually consist either of oxygen converters or open-hearth furnaces. Direct 
reduction units reduce iron-ore to solid pellets of nearly pure iron which are then usually 
transferred for steelmaking to electric-arc furnaces. 
(2) BJctms are large billets, defined as being of square cross-section with sides larger than 
125 x 125 mm. 
somewhat larger than the tonnage of ingots produced the figure for billet production being 
around 160,000 tons per annum. 
Most of these billets produced by the Rosario plant's No. I Rolling mill are then sent 
on to Acindar's Acevedo plant for further processing, in other words the main job of the Rosario 
plant today is as a producer supplier of billets fo the Acevedo plant. However, currently 
some 20% of the billets are retained in the Rosario plant so as to be fur?her processed on the 
plant's No. 2 Rolling mill. Here in this second mil l , the billets are rolled into one of three 
basic groups of products: which are, i) round steel reinforcing bars for the construction in-
dustry, or ii) profiles (which are bars whose cross-sect ions are- L-shaped, U-shaped, T-«hoped, 
etc.) for constructional and industrial use, or iii) high quality forging bars for the auto-part's 
industry. CuirenVly, this No. 2 rolling mil! produces about 30,000 tons of reinforcing bars, pro-
files and forging bare annually. In fact this is well below its production capacity which is in 
excess of 120,000 tons per annum. 
Nearly aj! the profiles produced on the number 2 mi!.j, and a fraction of the reinforcing 
bars have then to be 'straightened out' on special straightening machines before they can be 
dispatched from the plant. In addition, an appreciable proportion of the round reinforcing bars 
have to be 'torsioned' in special machines designed to give the bars an axial twist. Finally, in 
the case of the forging bars, these require surface grinding and intensive final quality control 
before they are ready for dispatch, These various operations i.e. straightening, torsioning and 
grinding, represent the last process stage to be carried out in the Rosario plant. 
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SchemaHc Flow_Diagram _Showìng_tjhe_^ijncif>a!_Inputs and_Outputs_of of_the_MaIn^ecHons 
General scrap 
.mynna/if.'C; ir.ol U v O b n t s 
...:• , . ' - , • vfr? • T • T-^  !• - T ,\(ci. TII4 <i *0 "ir.M 
NB. From now on we shall refer to the No. I Rolling mill as the 'Billet -mi l l1 , and to the No. 2 
Rolling mill as the'Bar and Profile mill'. 
This description we have given of the successive main process stages in the Rosario plant 
is illustrated in'the flow diagram. The purpose of the diagram is simply to communicate visually 
the basic sequence of process stages., (Of course, each of the process stages represented by a 
'box1 in the flow diagram is in itself a whole technology e.g. the technology of preparing scrap, 
i 
the technology of producing liquid steel in the Siemens Martin furnaces, the technology of pre-
j 
paring the ingot moulds and casting the ingots, the technology of billet rolling, etc. alt of whic 
we shall shortly describe). 
Remarks (^Jthejarcduciion cepoc-ity of_thej?oserjoj>]ont 
St wi l l now be useful to say a few words about the production capacity of the Rosario 
plant, in the first place one can see from Hie flow diagram that there does not exist any single 
figure for the production capacity of the plant. What exists, instead, is a set of figures repre-
senting the capacity of each stage of production, expressed in temis of the particular output pro-
duced by that stage. The annual! production capacity figures most frequently referred to are i) 
the figure for ingot output capacity, ii) the figure for BiiSet output capacity and iii) the figure 
for the output of Bars and ¡Profiles which could be obtained given an adequate supply of Billets -
and assuming in ail three cases that the units are worked on a 3 day shift, 7 days a week. On 
this basis the present capacity of the Rosario plant can be roughly described as 160,000 tons 
per year of Ingots, 180,000 tons per year of Billets, and 120,000 tons per year of Bars and Pro-
files. 0 his places the Rosario plant clearly in the bracket of 'mini® steel plants i.e. those 
producing 80,-000 to 400,000 tons of steel Ingots and/or rolled products per year. To see the 
plant in perspective, it is imini i compared to Ac¡ndar's Acevedo plant (700,000 t.p.y. capacity 
in rolled products) or to the Argentine State Steefpl'ant, Somtsa, (over 2 million t.p.y. capacity 
in ingots). However, 'mini5 steeip-ants in the Latin American steel industry era extremely sig-
nificant. Indeed, according to 1974 data, over 26% of Latin American steelmaking capacity 
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is located in 29 integrated and semi-integrated 'mini' plants 0) . Furthermore, recent years have 
witnessed a great upsurge of interest and investment in 'mini plants' all around the world (2). 
• . j 
The Rosario plant is, therefore, not c rare curiosity so far as scale is concerned but is one of a 
large number of functioning small-scale steelplants in the region. 
To sum up so far, we have seen that the Rosario plant is a multi-stage steelmaking and 
steel-rolling plant. It transforms scrap into steel ingots, ingots into billets, and a fraction of 
these billets into reinforcing bars, profiles and forging bars. The scale of its production identifies 
the plant as a so called 'mini' steelplant in contrast both to the high tonnage rolling mill plants 
such as Ac indar's Aceyedo plant end to the large scale integrated steelworks 
such as Somisa. 
( l)Out of the 90 integrated and semi-integrated plant functionirgin Latin America in 1774, 41 
plants had.an installed steelmaking capacity above 80,000 t.p.a. and accounted for 93% of the 
region's steelmaking capacity, whilst the other 49 plants had.installed capacities below 80,000 
t.p.a. and accounted only for 7% of the region's steelmaking capacity. With regard to the 
leading 41 plants, 12 of these refer to integrated plants which had installed capacities ranging 
from 400,000 t.p.a. to 2,500,000 t.p.a. end accounted for 67% of the region's steelmaking 
capacity. The other 29 plants including II integrated and 18 semi-integrated plahts - had ca-
pacities ranging from 80,000 to 400,000 t.p.c. - i.e. they come into the category of 'mini' 
plants - and accounted for 26% of the region's steelmaking capacity. 
Source: Estructura Técnica y Productiva de la Industria Siderúrgica de América Latina, pu-
blished by ILAhA as a supplement to the beptember 1976 issue of the journal 'biderúrgia Latino-
americana'. 
. (2) Luigi Danieli, the Italian constructor of 'mini' plants and continuous-casting liees made the 
following point in a recent article about mini-plants. "In the world of steel an annual pro-
duction of 250,000 tons, considered quite substantial 50 years ago, is dwarfed by today's con-
cept of the 15 million t.p-a. unit... However, history and economic development does not always 
follow the script like a movie, but quite often just happens. In the world of steel one such 
unscripted happening is the emergence of small steel-works units not at all conforming to the 
prevailing concept of a minimum size of millions of tons - which not only seem to ful f i l l a very 
important functipn under specific circumstances, but also frequently appear to be far more 
economically successful than their big 'planned brother'. See L. Danieli, Observations on 
Mini-mills, UNIDO 3rd Interregional Symposium on the Iron-end Steel Industry. Brasilia 1973, 
UNIDO Publication ID/WG l4¿/85, 25 June 1973. 
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: Our n e x t s t e p w i l l now be t o l o o k a t t h e b a s i c p r o c e s s t e c h n o l o g y e m p l o y e d 
i n t h e R o s a r i o p i a n t t o s e e how i t c o m p a r e s w i t h " b e s t p r a c t i c e " t e c h n o l o g y a n d a 1 so how 
i t c o m p a r e s w i t h t h e p r o c e s s t e c h n o l o g y e m p l o y e d i n o t h e r L a t i n Amer i c a n steel p i a n t s . 
I b ® _ £ e c b n o l o g y _ e m g l . o y e d _ m _ t h e _ R o s a n o _ g 2 a n t 
As c o u l d be e x p e c t e d f o r a p i a n t i n s t a l 1 ed i n 1 S b 3 , some o f t h e bas i c t e c h n o 1 og i e s 
e m p l o y e d i n t h e p l a n t a r e t o d a y t r a i 1 i n g a l o n g way b e h i n d i n t e r n a t i o n a l b e s t - p r a c t i c e 
t e c h n o l o g y f o r t h e p a r t i c u l a r s c a l e o f o u t p u t a t w h i c h t h e p l a n t o p e r a t e s . 
T h i s a p p l i e s i n t h e f i r s t p l a c e t o t h e s t e e l m a k i n g p r o c e s s e m p l o y e d i n t h e R o s a r i o 
p l a n t , w h i c h i s b a s e d on t h r e e S i e m e n s M a r t i n ( O p e n - h e a r t h ) f u r n a c e s w h o s e b a s i c d e s i g n 
d a t e s b a c k t o 1 9 ^ 3 • A1 t h o u g h t h e s e f u r n a c e s h a v e been i m p r e s s i v e l y ' u p g r a d e d ' by means 
o f des i g n i m p r o v e m e n t s and b e t t e r o p e r a t i n g p r a c t i c e , t h e y s t i l l c a n n o t p r o d u c e s t e e l 
so c h e a p 1 y as m o d e r n e l e c t r i c - a r c f u r n a c e s o f t h e k i n d i n s t a 1 l e d i n A c i n d a r 1 s M a r a t h o n 
p l a n t . I n f a c t a t 1 9 7 7 p r i c e s , - t h e c o s t - d i f f e r e n t i a 1 p e r t o n o f 1 i q u i d s t e e l was a b o u t 
10 t o 15% i n f a v o u r o f t h e M a r a t h o n e l e c t r i c a r c f u r n a c e s , ( a s s u m i n g a s i m i l a r s c r a p 
c h a r g e t o b o t h k i n d s o f f u r n a c e s ) . 
' . / ' -Th i s l o n g 1 ag beh i n d b e s t - p r a c t i c e t e c h n o l o g y a l so a p p l i e s i n t h e n e x t t w o s t a g e s 
o f t h e R o s a r i o p i a n t 1 s o p e r a t i o n s , wh i c h i n v o l v e t h e t r a n s f o r m a t i o n o f t h e 1 i q u i d s t e e l 
i n t o s o l i d s t e e l i n g o t s ( i n g o t c a s t i ng ) and t h e n i n t o b i 11 e t s ( v i a t h e r o l 1 i ng o f i n g o t s 
i n t he b i l l e t m i l l ) . T h i s c l a s s i c t w o - s t a g e p r o c e s s o f p r o d u c i ng b i 1 1 e t s f r o m 1 i q u i d 
s t e e l has now been v e r y 1 a r g e l y o v e r t a k e n by t h e s o - c a l 1 ed " c o n t i n u o u s c a s t i n g " p r o c e s s 
w h e r e b y b i 1 1 e t s ( o r b l o o m s o r s i a b s ) a r e f o r m e d d i r e c t 1 y by p o u r i n g 1 i q u i d s t e e l i n t o t h e 
t o p . o f a w a t e r c o o l e d m o u l d and by w i t h d r a w i n g t h e s o l i f i e d b i 1 l e t f r o m t h e b o t t o m o f t h e 
m o u l d . T h e a d v a n t a g e s o f c o n t i nuous c a s t i ng a r e a ) t h a t i t g r e a t 1 y i m p r o v e s m e t a l 1 i c 
y i e l d a n d b ) t h a t 1 o w e r c a p i t a 1 a n d o p e r a t i n g c o s t s a r e i n v o l v e d , a t l e a s t i n t h e 
t o n n a g e r a n g e p r o d u c e d b y m i n i p l a n t s a n d poss i b l y a l s o a t h i g h e r t o n n a g e s as we 1 1 . 
Aga in a compar i son wi t h Ac i n da r 1 s M a r a t h o n p l a n t , wh i c h o p e r a t e s w i t h c o n t i n u o u s -
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c a s t i n g f a c i l i t i e s , i s r e v e a l i n g . T h e t r a n s f o r m a t i o n c o s t s f o r c o n v e r t i n g l i q u i d 
s t e e l i n t o o n e t o n o f c o n t i n u o u s l y c a s t b i l l e t s i n t h e M a r a t h o n p l a n t a r e 20% l o w e r 
t h a n t h e t r a n s f o r m a t i o n c o s t s o f r o l l i n g i n g o t s i n t o o n e t o n o f b i l l e t s i n t h e R o s a r i o 
p l a n t . T h e r e i s , h o w e v e r , o n e i m p o r t a n t c o s t a d v a n t a g e s c o r e d by t h e R o s a r i o p l a n t 
o v e r t h e M a r a t h o n p l a n t . I c a n m a k e u s e o f a ' d i r t i e r ' a n d t h e r e f o r e c h e a p e r s u p p l y o f 
s c r a p t h e q u a n t i t y o f w h i c h w o u l d n o t p e r m i t t h e f a b r i c a t i o n o f b i l l e t s by c o n t i n u o u s 
c a s t i n g . T h i s f a c t o r b r i n g s down t h e c o s t o f R o s a r i o b i l l e t s v e r y a p p r e c i a b l y , b u t , 
e v e n s o , t h e f i n a l c o s t o f R o s a r i o b i l l e t s , i n 1 9 7 7 e n d s up some 13% a b o v e t h e c o s t s o f 
e q u i v a l e n t b i l l e t s p r o d u c e d i n t h e M a r a t h o n p l a n t . 
T h e s e f i g u r e s c l e a r l y show t h a t t h e R o s a r i o p l a n t i s a h i g h - c o s t p l a n t i n t e r m s 
o f b i l l e t p r o d u c t i o n s t a r t i n g f r o m a raw m a t e r i a l b a s e o f s c r a p . I n d e e d , we c a n s a y 
m o r e - f o r t h e p r o c e s s e s w h i c h t h e p l a n t e m p l o y s f o r m a k i n g b i l l e t s f r o m s c r a p a r e n o t 
j u s t l e s s e f f i c i e n t t h a n e l e c t r i c a r c - f u r n a c e s a n d c o n t i n u o u s c a s t i n g o v e r t h e p a r t i -
c u l a r s c a l e r a n g e a t w h i c h t h é R o s a r i o p l a n t o p e r a t e s , a n d a t t h e p a r t i c u l a r f a c t o r 
p r i c e s p r e v a i l i n g i n A r g e n t i n a - t h e y a r e a c t u a l l y ' i n f e r i o r ' p r o c e s s e s ( i n t h e e c o -
n o m i s t s s e n s e o f t h e w o r d ) o v e r t h e w h o l e r a n g e o f f a c t o r p r i c e s o b t a i n i n g i n L a t i n 
A m e r i c a , a n d f o r v i r t u a l l y a l l s c a l e s o f p r o d u c t i o n ( t h e p o s s i b l e e x c e p t i o n b e i n g t h e 
u s e o f i n g o t - c a s t i n g f o l l o w e d by p r i m a r y r o l l i n g ( 1 ) a t l a r g e s c a l e s o f p r o d u c t i o n 
e . g . o n e m i l l i o n t o n s o r m o r e p e r y e a r . I n o t h e r w o r d s , we a r e s a y i n g t h a t t h e b a s i c 
p r o c e s s e s e m p l o y e d i n t h e R o s a r i o p l a n t f o r m a k i n g s t e e l b i l l e t s f r o m s c c a p w o u l d n o t 
now be s e l e c t e d by a n y r a t i o n a l L a t i n A m e r i c a n e n t r e p r e n e u r p u t t i n g up a new m i n i -
p l a n t ( 2 ) . .. I n t h i s s e n s e t h e p r o c e s s e s a r e c l e a r l y o u t m o d e d . 
( 1 ) T h e t e r m ' p r i m a r y r o l l i n g 1 r e f e r s t o t h e r o l l i n g o f i n g o t s i n t o b i l l e t s , b l o o m s , 
o r s l a b s . B l o o m s a r e s i m p l y l a r g e b i 1 l e t s , d e f i n e d a s b e i n g o f s q u a r e c r o s s s e c t i o n w i t h 
s i d e s l a r g e r t h a n 125 x 125 mm. S1 a b s a r e b a r s o f r e c t a n g u l a r c r o s s - s e c t i o n . A t l a r g e 
s c a l e s o f p r o d u c t i o n i t i s u s u a 1 f o r t h e p r i m a r y mi 1 1 t o r o i 1 b l o o m s o r s i a b s o r b o t h . 
T h e b l o o m s a r e t h e n r o l l e d on a n o t h e r m i l l t o p r o d u c e b i 1 l e t s , o r i n t h e c a s e o f s l a b s 
t h e s e a r e t h e n r o l l e d i n t o p l a t e s o r o t h e r f l a t p r o d u c t s . H o w e v e r , t h e R o s a r i o p l a n t , 
1 i k e many o t h e r smal 1 - s c a l e p l a n t s r o l l s b i l l e t s d i r e c t l y f r o m i n g o t s . 
( 2 ) T h e l a s t n e w l y bu i 11 s c r a p - b a s e d o p e n h e a r t h f u r n a c e t h a t we k n o w o f was a 4 5 t o n u n i t 
i n s t a l l e d by T a m e t i n A r g e n t i n a i n 1 9 6 8 t o r e p l a c e t h r e e smal 1 e r S i e m e n s M a r t i n f u rnaces 
t h a t t h e p l a n t had b e e n o p e r a t i n g w i t h . 
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A reflection of this is that out of the 29 'mini-plants' in Latin America in 1974 only 9 
were employing open-hearth steel furnaces, compared to 22 with electric -arc furnaces. As for ' 
the employment of continuous casting, we do not have accurate figures on the extent to which 
existing mini-plants have adopted this relatively new technique - however the trend towards 
adopting continuous casting can be clearly detected from estimates which show that whilst the 
production capacity of continuous casting installations in all Latin America in 1974 was only 
3 million tons, the capacity estimated for such installations by 1980 is 26 million tons ( I ). 
The conclusion is, therefore, that both the Siemens Martin furnaces of the Rocario plant and 
its Ingot-casting plus billet mill combination must be regarded as outmoded. The remaining proce 
in the Rosar io plant which we must now consider is the Bar and Profile mill. 
The Bar and Profile mill installed in the Rosario plant comes into the category of small-
tonnage low velocity rolling mills for non-flat products with a basically 'open'layout of its va-
rious stands (i.e. rolling units). In these respects it contrasts with the high tonnage, high 
velocity rolling mills with a continuous layout of the kind installed in Acindor's Acevedo plant 
for producing wire-rod, bars and steelstrip. (In open layouts, the bar or the other product is 
only being rolled in one stand at a time, whilst in continuous layouts the stands are ail set in I in« 
and the product is sent down the line and gets rolled by several stands simultaneously. The high 
speed continuous mills unquestionably produce the products at much lower cost i f the production 
runs are long enough. However, for small markets, varied product mixes and consequent short 
production runs, the low velocity 'open playout' or semi-continuous mills are the economically 
viable choice. Furthermore, within this general category of low velocity open layout or semi-
continuous mills for producing a range of non-flat products, the present Bar and Profile instal-
(I) informction derived from; La Siderurgia Latiooamericana en 1974-75 y Metas a l_930_ 
Published by ILAFA, Santiago, de Chile, January 1976, pcsgs i0. 
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lation of the Rosario piant is comparatively fast, automated and sophisticated (1) and cannot be 
regarded as outmoded (2) even though most of its production capacity is at present unutilized by 
Acindar due to the comparatively lower costs of producing most of the product range cn the 
continuous rolling mills in the Acevedo plant. , 
In summary, then, the Rosario plant is operating with outmoded process technology in its 
steelmaking and billet producing operations but v/ith substantially up-tp-date process technology 
(for the scale of production involved) in its Dar and Profile mill. 
It is however, useful to recall that just because a process or technique is outmoded frcm 
the viewpoint of a new plant buyer this des- not imply that the technique wil l be immediately 
replaced or scrappcd by those plants in which the technique is already installed. On the con-
trary, such plants follow sound economic rationality by retaining the outmoded process for as 
iong as its variable costs do not exceed the total costs (i.e.- variable and capital costs) which 
would apply if the plant switched to some alternative newer technique (3). 
[I) This is partly due to a major modernization carried out recently. The mill's layout was revised 
in 1971 and at the same time its operations were extensively nqechanized and automated thus 
grearly speeding ths mill up. Also, in 1973, the mill was equipped with 1wo new and sophisti-
cated final rolling stands so as to be able to produce small production runs of precisely dimen-
sioned forging bars for the automobile industry. 
2) Once again we are using the word outmoded to apply to processes that no Latin American 
entrepreneur v/ouId now adopt if starting from scratch. A recent article by Jorge Diaz Iramont 
entitled 'Preserve , Fu'.-jro de la Icminacien Latinoomericana' published in Siderurgia Latino-
americana 'No. 192, April ¡976, suggests strongly that rolling facilities similar to the Bar 
and Profile ;;.-iili of the Rosario plant, or? by no moans outmoded yet. See especially page 32 of 
the article. 
(3) As-V/.E.G. Salter has explained in the context of decision making within the framework of an 
individual plant - the repia cement o? a machine (or a process-stage within a plant) wil l only 
appear an interesting investment possibility if the present value of the expected future opera-
ting costs of the whole piant with the machine retained is greater than the present value of 
the expected futuro operating ccsts o f the v/hoie plant if the machine were replaced;plus^ihe 
present value of the cx pec ted capital and installation costs of the new machine. W.E.G.Salter, 
Productivity cnci T e c h n i c a l C h a n g e , Cambridge University. Press, I960, Chtfpters iV. i toVI, 
especially p,86. 
There are, however, two complications which enter into the appliddtion of this ^splaoemerit 
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What is more , it is clear that a plant which is rationally retaining outmoded techniques in 
operation wil l also have a direct economic interest in improving these techniques (e.g. to bring 
about unit cost reductions, or increased throughput or improved product quality) £X££!l.hough 
tj]e_techmques_aj[e_o_ut modacL In other words there is every reason to believe that plant manage-
ments wil l attempt to improve the performariCe of aii the technoibgy which they have installed 
and are utilizing and this of course includes the outmoded technology. In general one can sdy 
that so long as an outmoded technology is not "sufficiently outmoded.to be profitably re placed" (I 
criterion in' the case of the Rosario plant. The first derives from the fact that the appropriate 
dec is ion-making context for replacement decisions in the Rosario plant is the effect on both 
the Rosario and the Acevedo plants, since there two plants are closely in te r l inked. F o r 
instance a temporary suspension of steel production in Rosario in order to effect a switch to 
electric arc steelmaking would almost certainly result in a fall in production in the Acevedo 
plant thus raising the unit capital costs per ton of the products it produces). This complication 
can however easily be taken care of simply by considering the Roscrio plant cc a stage of the 
overall 'double-plant1 formed together with the Acevedo plant, and by then applying the 
Salter replacement criterion to the'double-plant'. 
The second complication derives from the fact that replacement of one process by another -
e.g. Siemens Martin steelmaking by Electric arc steelmaking - may involve net only reductions 
in operating costs, but also changes of product-quality as well. Indeed in the example* 
cited, this effect is most important, since the more precise control over power input in 
Electric arc furnaces enables them to make higher quality steels than can Open Hearth 
furnaces. Hence the considerations which should rationally affect replacement decisions must 
often go beyond the obviously essential comparison of operating costs and capital costs, to 
also enter into the realm of product quality changes, their effects on production prices and 
demand, etc. 
(I) This is from W.E.G. Salter op. cit. see fbotnore page 54: "The term obsolete wi l l be re-
served for plants which are sufficiently outmoded to be profitably replaced. Plants embodying 
techniques which are not up to current bast practice but not yet obsolete, are termed 
"out-moded". 
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>en it is not obsolete, and it is perfectly rational to attempt to improve such technology so as to 
ícrease the economic contribution which it renders to the plant in which it is installed. Further-
lore, i f a technique is just about to become obsolete, or has actually become so, then it is by 
o means inconceivable that a technical change may give the technology a renewed lease of 
conomic li fe, perhaps even a prolonged one. 
A l l these considerations are specially relevant when considering the Rosario plant, be-
:ause the plant's technology as it is today is in large part the result of successive "upgradings" of 
he ori.qinally installed and now clearly outmoded technology of the period 1943 to 1950. Indeed 
>ne can describe the plant's technological history with some accuracy as a continuous (and so 
ar successful) effort to incorporate changes fast enough to prevent its outmoded technology from 
>ecoming obsolete. 
This point can be well illustrated with reference to the Steelmaking units of the plant and 
ilso to the Billet mill. In the case of the Siemens Martin furnaces, these have been modified on 
;everal occasions so as to give them "the maximum efficiency possible within the limits of an 
jbsolete and complicated basic scheme". (1) As a result the annual production capacity per 
Siemens Martin furnace has been raised from approximately 20.000 tons per annum in the early 
1940s to over 50,000 tons per annum today with the interesting consequence that the Rosario 
plant's Siemens Martin furnaces are today clearly superior in terms of annual output capacity to 
•11 the comparable furnaces in other Argentine steelplants (see Table overleaf). 
(0 Interview with Ing. Ricardo Pu¡als, the designer of the Rosario Siemens Martin furnaces, 
today Acindar's Director of Planning and Development. 
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Enterprise 
Number of S-M furnaces 
and their capacity in 






capacity per ton 
of static furnace 
capacity 
Ohler S.A. 3 furnaces of 21 tons each 50,000 704 tons 
Acindar 
Rosario 3 furnaces of 30 tons each 150,000 1. 667 tons 
Santa Rosa 1 furnace of 30 tons 
1 furnace of 40 tons 
60,000 857 tons 
La 
Cantfibrica 4 furnaces of 25 tons 85,000 850 tons 
Tamet 1 furnace of 20 t. 
1 furnace of 35 t. 
1 furnace of 45 t. 
100,000 1. 000 tons 
Source: Julio J. Mon tu Tendencias tecnolôgicas en los^ programas^  de_expansi6n delgs j runj-
plantas sidertirgicas en Argentina, ILAFA Congress, Buenos Aires, 1973. 
A very similar story applies to the Rosario plant's billet mill. This was originally installe< 
in 1950 with a production capacity of 50,000 tons per year, however this capacity has been 
raised by successive technical changes so that the Billet mill's capacity today is over 160,000 
tons per year. This has been achieved "without any profound variations, simply by improving 
equipment, channel design, reheating furnaces, etc." and it is also claimed that the Rosario 
plant's billet mill is today "more productive than some of the more modern primary rolling 
mills in Argentina which have twice the horsepower of the Rosario Billet mill and involved five 
to ten times as much investment". ( I ) 
(I) Interview with Sr. Oscar Amorini, Deputy Director of the Rosario plant. 
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These remarks on the performance of the Steelmaking units add Billet mill of the Rosario 
plant a) show that although the technoiogiesemployed in both cases are outmoded, they never-
theless have been greatly improved or 'upgraded' by comparison with their performance when 
first installed and b) suggest that the resulting performance of these technologies contrasts 
favourably with comparable technologies in other Argentine steelplants. 
. We can also recall our earlier observation that the Bar and Profile mil l , too, has been 
extensively 'upgraded' and modernized, in the period 1971 to 1973. . 
Hence it is clear that technical. improvements to existing installations have been extremely 
important at all the central stages of the Rosario plant's technology. 
We can now sum up the key points which have emerged from our discussion of the tech-
nology employed in the Rosario plant. They are as follows: . 
1) The Rosario is a semi-integrated 'mini1 steelplant which uses outmoded process technologies 
for making scrap into liquid steel and liquid steel into billets. In contrast it uses reason-
ably up-to^ate technology, in its Bar and Profile mill. 
2) However, the use of outmoded technologies does not constitute an industrial 'oddity'. On 
the contrary, we saw that altogether 9 out of 29 Latin American mini-plants sti l l use Open 
Hearth steelmaking (four in Argentina) and it can also be deduced from the figures we 
presented on the diffusion of continuous casting that many Latin American mini-plants must 
st i l l be employing ingot casting and primary rolling. 
3) Economic rationality suggests that plant managements wi l l try to introduce technical changes 
to improve the performance of all their installed technology, including their outmoded 
technology unless this is irrecoverably obsolete (i.e. profitable to replace). . .. 
4). The brief evidence presented concerning technical changes in the Rosario plant suggests 
that the plant has indeed undertaken extensive technical changes designed to im^rov^jthe 
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capability of its misting units. As a result its S iemens Martin un i ts are the most productive 
of the'r kind in Argentina, its Billet mill is considered to now be a highly productive unit 
in relation to the investment made in i t , and its Bar and Profile mill has been extensively 
modernized in recent year? and is today reasonably up-to-date and sophisticated within the 
concept of low-tonnage discontinuousrolling mills. Thus, technical tbange appears to have 
played an outstanding role in modernizing the basic technologies of the Rosario plant. 
i 
A more_ de^aj^led_anal^si£9/_thejplant'sjindj3joc«sjtechnobgy__ 
So far, we have restricted our attention to describing the broad features of the Rosario 
plant's technology and to examining how the main process technologies currently in use. in 
the plait compare both with "best practice" technology and with the-process technologies used 
in other Latin American steelplants. 
The step we now take is to examine and discuss the plant's product and process technology 
in more detail: 
We beg 
in by giving a more refined description of the products made in the Rosario plant, 
in which we draw attention to i) the marked heterogeneity of the intermediate and final products 
of the plant, and ii) the status of the plant's product mix as a key variable in the plans of the 
plant's management - and we then discuss some of the implications which this product heterogeneity 
and product mix variability have for the analysis of technical change in the plant. 
Next, 
we turn to examine the plant's process technology. We first describe in detail 
the working of each successive proc ess stage in the plant. Then we use this information to 
dbcuss some characteristics of the plant's technology which tend to both generate a 'field1 of 
technological challenges for the plant's engineers, and also to limit the progress they can eventual! 
achieve. 
The key point is that analysing the, plant'sproduct and process.technology in detail is 
issential for understanding the 'micro-environment' in which much of the technical.change in 
fhe plant.takes place. , y,.-. , t ; r tc*t fa-t^A*; a ,-<:{«c'-. i /t! 
We now begin with the analysis of the plant's product technology: . , , \ u 
Descript_io_n J ? ! l a J y i . ' L 9 Í l K 5 " . 
•,-,) .i'., <c. « --¡«-f,; .-.4 -.•.•n'í.vi.-,rf) f¡'¡ M -M gnihn&iíkiy f"f' >'•••{•• 'q 
We have already noted that the Rosario plant produces a range of different products. 
Thus, we have mentioned ingots (which are intermediate products), billets (which are in their 
majority end-products from the viewpoint of the plant, and in their minority are intermediate 
products), and three different classes of end-rolled products (i.e. round rei nforci nq bars. 
profiles and forging bars). Our aim now is to explore oach of theso various classes of products in 
more detail. We shall begin with the products produced on the Bar and Profile Mi l l . 
In the case of round reinforcing bars, it is important to note that the mill produces 
several kinds (1). Thus, one part of the production consists of plain round bars, which are then 
axially twisted, another part consists of round bars with two longitudinal ridges which take up a 
spiral pattern when the bars are axially twisted, and the remaining part of the production consists 
of ribbed round bars which, in addition to longitudinal ridyes, also have a pattern of transversal 
or diagonal ribs designed to grip concrete, which «merge from the cylindrical surface of the bar. 
(NB. see figures below). Some of these ribbed round bars are later twisted, while others are de-
signed for use without twisting. For ease of reference we can refer to these.different kinds of 
bars as 'plain' bars (which are twisted), 'ridged bars (whieh are twisted), and 'ribbed' bars 
(]) A useful survey of the technology of reinforcing bars can be found in B.S.Krishnamachar 
Acero para Hormig6n armado; Situación actual de su tecnología Revista Latinoamericana de 
•Siderurgia No. 1 7 4 , Oct. 1 9 7 4 , ' I T L A F A , Santiago).
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(which may or may, not be twisted, depending on the particular rib design involved). 
In the case of profiles, the two types most frequently produced on the Bar and Profile 
mill are 'Angles' and 'L-shapes' . However, the mill can also roll 'T-shapes' , 'Double Ts' 
and 'U-shapes'. 
r r r r r r t n r t 




Three types of round steel bars for reinforced concrete , 
T-Profi le 
L-Profile 
Examples of Profile cross-sect 
With regard to forging bars, the Bar and Profile mill produces both plain round 
forging bars, and a small quantity of forging billets. 
Al l these various products just mentioned are produced by the Bar and Profile mill -
in a range of different sizes in accordance with customers' needs. Thus, in the case of rein-
forcing bars, (of all three types) there are six standard diameter sizes produced on the mill. 
These are $ 12 mm, 0 ' l4mm / $ 16 mm, $ 20 mm, 32. mm, and (/40 mm. For angles 
there are no less that 22 different standard sizes ranging from 15.9 mm x 15.9 mm x 3 mm to 
76.2 mm x 76.2 mm x 9.5 mm. In the case of forging bars there are 11 different standard 
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iameter sizes ranging from 0 '5.8 mm to 0 47.6 mm. {j$ is the symbo! for the diameter of cross 
action of a round bar). 
In addition to this variation in cross-section sizes, each of these products is also produced 
r> a wide range of d i f fe rent standard iengths. 
A further extremely important type of variation in all these end products produced by the 
iar and Profile mill is that they may be manufactured in steel of different grades (i.e. different 
;hemical compositions). The grade of a steel product is determined at the steelmaking stage of 
>perations by controlling the 'level of elements such as carbon, manganese, sulphur, phosphorus, 
itc. in the molten metal - end the resulting chemical composition of the steel, i.e. its grade, is then 
stabilized when the molten steel cools down into ir.gots, and this grade is maintained when the 
ingots are rolled into billets, and then when the billets are rolled into round bars, profiles, etc. 
f he importance of the correct choice of steel grade for a product is that different grades of steel 
Exhibit different mechanical and physical properties (1) . 
[l)For example, in the case of round reinforcing bars, the tension that a bar can support (i.e. 
its 'limit of fluency') is positively related to the percentage carbon content in „the steel. On 
the other hand the soldability of reinforcing bars is inversely related to their carbon content. 
A further most import a nt consideration is the percentage by weight in the steel of impurities, such 
• as sulphur or phosphorus. Too much sulphur, for instance, can result in the rennatien of non-
metallic 'inclusions'which cause internal and superficial cracks to form in the product during 
rolling. Hence the grade of steel is of der isive importance in determining the performance 
level of products made of it. 
At the present rims, most or rhe profiles arid many of the ridged reinforcing bars produced by the 
Bar and Profile miii are roiled in a grade of steel which involves a carbon content close to 
, 0 .17%. Most'of the plain reinforcing bars, however. are rolled in a grade which involves a 
carbon content of about O.l 'l % and a less restrictive limit on the sulphur content aad other 
impurities. The mill also occasionally tolls small quantities of reinforcing bars made of some-
what higher grades of carbon, and in the case of forging bars, the mill rolls these in three 
groups of different grades - i.e. up to 0.15 % arbon, above 0.15 % Carbon and Alloy grades. 
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The Rosgtso pfett mamSy ift-prc^ eif^ -'MildSteeli' grades which 
typically contain 0J0 - 0,24% Cadbort, Hb»©v©rP the plant has in the past produced signifieent 
quantities of higher-carbon grades of steel, e.g. 0.35 - 0.80% Carbon and there have also been ; 
j 
short product ion runs of various different"Alloy steels' (whieh am steels «obtaining alloys such ' 
as Molybdenum, Tungsten, Vanadium,. Chromium, Nieksl and Manganese, etc. in proportions 
above some specified minimum}. The point here is that the output of the Bar and Profile mill cannot 
simply be specified in tern» of product type, product sixe (cross-section) and product length. 
The output must also be specified !n towns of the grades of steel in whish the products are produced. 
A final set of characteristics which are needed to complete the specification of the output 
of the Bar and Profile mill may be called the prr»duet "quality parameter/1. The quality parameters 
refer to matters such as i) fh® dimsmionai tolerances of the product, is) the suHfece quality of the . 
product, iii) the degree of freedcm from Internal defects, 5v) the stralghtness of the product, 
v) the degree of variation pemiitted in the grade o? th© product; etc. 
For each product produced by the Bar end Profile mill there exists a set of 'Product Norms' 
/ 
which mark the upper and lower boundaries of variation that are pent» if ted, A l l products which 
fall within these boundaries cm regarded as 'first Quality* and ore classed and sold as the same 
product. Products whose specifications fall slightly outside th*? norms ere 'detained5 so that 
a decision can be made as to whether they ore saleable as the son® product or not, a**d products 
which depart substantially from the norms are 'rejected* . In some eases refection involves the demc 
Hon of a product to an inferior specification, in other eases the rejected product gets recycled as 
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Thus, to sum up, we have seen that the output of the Ear and Profile mill is heterogeneous 
n four different way3. First of all the miil produces several different clcsses of product (defined by 
heir basic shape and function). These include plain, ridged and ribbed reinforcing bars, angles, 
.-shapes/ T-shapes, double Ts and U-shapes, round forging bars and forging billets. Second, the 
•till produces each different class of product in a range of different dimensions- (defined by cross-
ectional sizes and product lengths). Third, the mill produces these products in a range of different 
teel grades (even though the majority of the present output is in two or three common steel 
jrades). Fourth, the products produced by the mill vary in their quality parameters as between the 
ipper and lower limits set by the norms. 
When we turn to examine the heterogeneity of the outputs produced in the plant's steel-
naking operations and in the Billet mill we rind a; simpler situation because in both cases we are 
iealing with essentially a single class of output - i.e. ingots in the case of the steelmaking opera-
ions and billets in the case of billet mill. Thus, we do not have to deal with multiple classes of 
output (i.e. different product types) as in the Bar arid Profile mill (1). However, the other three 
[l) Actually this statement needs some qualification. In the first place the production of the Billet 
mill includes not only billets, but also, on occasions, blooms and slabs as well. But since these 
three types of product differ only in their cross -sectional dimensions, we shall in this paper 
• refer to all three simply as 'billets' and treat them as a single class of output. Secondly, there 
have been years in which a minority of the output of the Billet mill lias consisted of finished 
products - basically large diameter round bars end heavy profiles. However, this 'minority1 
eutput of finished products has never exceeded 20% of Billet mill production, and in recent 
years has been either zero or a very low percentage of output. Hence to a fisst approximation 
it is reasonable to consider the billet mill as producing a single class of output. This class is 
however heterogeneous with regard to its dimensions, grades and quality. Finally, with regard 
to the steelmaking section, the Rcsario plant sometimes record n small level or production of 
"other castings" distinct from ingots. However, these do not appear to have ever accounted 
for more than 5% of the output of the steelmaking section, so. we can reasonably consider the 
output of the section as consisting entirely of ingots. c 1 ; : : s 1 
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kinds of product heterogeneity are present. Thus, a -given, production series of ingots may differ 
fran the next series in terms of i) the grade of steel of which the ingots are to be made, ii) the 
physical dimensions of the ingots (e.g. cross-section of the base, angle of taper, and height of the 
ingots) and iii) the quality characteristics of the ingots (i.e. dimensional tolerances, surface qualit 
and degree of freedom from external scratches and folds, and from internal metallurgical defects)(l 
Similar remarks apply to the plant's output of Billets. Thus, i) the grade of steel of the 
billets produced on the Billet mill depends on the grade of steel of the ingots being rolled (which 
are mainly ingots of mild-steel grades produced in the Rosario plant, plus a proportion of ingots 
of high carbon add alloy steel grades produced in Acindar's Marathon plant), ii) the cross-section 
of the.billets depends on the settings of the rolling cylinders on the mill (the most commonly pro-
duced billets have cross-sect ions of 63 x 63 mm, 76 x 76 mm or TOO x TOO mm), i i i) the length of 
the billets, can be varied by controlling the action of the cut-to-length shear (currently billets ar< 
produced in lengths ranging from 2.29 to 3.40 metres), and iv) the quality paramaters of the 
billqts vary according to the quality of the ingots fed into the rolling mill and according to the 
precliion of the rolling process carried out there. 
(l) The tharacterhtics of the ingots to be produced are programmed in relation to the further 
proce^'ng that these ingots wi l l undergo later on so as to produce final products of the re-
quired jpecification. When the specification of the final product is going to be exacting, then 
this requires a correspondingly high quality of production in the proceeding process stages. 
One consequence of this is that a fraction of the ingots produced in the Rosario plant need to 
pass througlh an additional stage, known as 'conditioning' where defects are detected and where 
possible removed,< whereas the majority of ingots - destined to be rolled into products with less 
exacting specifications - do not have to pass through the conditioning sector. 
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In summary the above description reveals the marked heterogeneity of the outputs produced 
n each of the three main processing stages of the Rosario plant. This heterogeneity has very important 
jonsequences for our present study - because it means that measures of growth, efficiency, and 
echnical change in the plant cannot simply be referred to improvements in technique related to the 
^reduction of a single homogeneous output. Instead we shall have ^J?£Plyjhe_and^isJ^jT ic ienc^, 
rer formance, etc. to plant stage; w h i c h e a c h p r o d u c e a 'mix ' o f d i f e r e n t l a t e d outputs. 
A point of clarification is in order here - the Steelmaking furnaces can produce only 
>ne particular grade of steel in each furnace batch, and each of the rolling mills only produces 
>ne particular shape and cross-section of rolled product at any given moeient - however if a period 
>f production in the Rosario plant is aoalysed, such as a month or a whole year, then the output of 
my of the three main plant stages wi l l be found to consist of various different products classified 
» 
jy product class, dimensions, steel-grade and quality characteristics. The percentage distribution 
>f the. tonnages of the various produst categories amongst the overall tonnage of product produced 
jives the 'produst-mix1 produced by the stage for the period under analysis. 
A most vital feature of the product-mix produced by the Rosario plant is - obviously enough 
- that it can within limits be varied. Indeed the plant's management explicitly uses its capability 
0 vary the product-mix to cope with such factors as i) changes in demand conditions, ii) changes 
n the bohavious of Acindar's competitors, iii) shifts in the comparative advantages of producing a 
xarticular product in the Rosario versus the Vil la Con>tituci6n location, iv) technological Improve-
rients made in the Rosario plant, etc. Thus, the 1976 product mix of the Rosario plant is merely the 
:urrent product-mix being produced by the plnat. This product-mix is in no sense immutable. In 
act, we shall see later on that the product-mix has changed very substantially over time in all the 
hree main stages of the plant. 
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This then poses the question of how to tackle the analytical problems raised by the fact 
that we are dealing with a plant which produces varying product mixes composed of heterogeneous 
outputs. 
The approach which suggests itself is, f irst, that we wil l need to attempt to trace ias 
precisely as possible the way that product mix has in fact varied over the lifetime of the plant; 
second that we shall need to enquire into the role played by technical changes in producing the 
observed changes in product mix; and third that we shall need to take account of the consequences 
which changes in product-mix may have in affecting the performance of the plant in such matters 
as unit costs, and production capacity 0 ) . 
So far as the first element of this approach is concerned, i.e. the tracing of the way pro-
duct mix has varied, our findings about product heterogeneity suggest that it wi l l be convenient 
to consider the product mix of each stage in the Rosario plant as being divided i»to a) the 'basic1 
product-mix, which refers to the percent distribution of the various classes of output defined in 
terms of their basic shape and function, b) the 'dimensional' product mix, which refers for each 
class of product to the percent distribution of the various different sizes in which this product is 
produced, and c) the steel-grade product mix which refers for each class of product to the percent 
(1) Differences in product mix can have very substantial effects on the tonnage of product thatjsap 
be produced in any given production shift. For example, i f we take the output of the Bar agd 
Profile mill, it can produce 30 tons per hour of product when rolling round reinforcing bars 
of diameter 25 mm, but only 16 tons per hour when rolling round reinforcing bars of diameter 
12 mm. Also to take another example, when this Roiling mill is producing Forging bars, it 
works slower so as to roll the product to more exacting tolerances. As a result, the tonnage 
per hour produced is much less than for reinforcing bars. In the case of a forging bar of 
25.4mm diameter the mill rolls only 8.9 tons per hour. Those examples show that the annual 
production capacity of the Bar and Profile mil l , measured in tons of product can vary very 
substantially as the product-mix produced by the mill varies. 
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stribution of the various steel grades in which the product is produced. We could also define a 
ual i t/ mix for each class of product, but for analytical reasons it is preferable to separate 
ranges in product quality from chenges in 'produpt mix'. 
By dividing up the concept of product mix in this way, and separating out changes in pro-
jet qualify from changes in product mix, we now have some simple categories which we can make 
e of when we come, in the next section of the chapter, to analyse the changes in product mix that 
sve taken place in the Rosario plant and the extent to which technical changes have been res-
>nsible for them. 
_p e? J q s hr ° ' ° sy ^ 1? J h? !i r 1? j? 1? _r _ 
The next step in our description of the Rosario plant's technology is to examine in more 
itail the process technology used in the plant, so as to see in what ways technical change in the 
ant may be said to be technically 'determined' or otherwise influenced by the nature of the process 
achinery installed there. 
So we now explain the main operations involved in each successive process stage from raw « 
aterial to finished product. This inevitably involves a certain amount of technological detail -
Jt we hope the reader wi l l bear with this, since the explanation of the process technology w ill 
3t only help to clarify the sense in which the opportunities for technical change in the plant are 
letermined1, but wil l also give the reader the essential technical information needed to understand 
le many different kinds of technical changes to which we shall refer in the second section of t^is 
hapter. " • „ . , - . ' • .... * 
We have endeavoured to keep the technical jargon down to the minimum. Our description 
>llows the order of the principal plant stages noted earlier, i.e. scrap park, steelmaking, ingot-
casting, billet mi l l , bar-and-profile mill arid finishing operations and we include at the end a brief 
resume of the quality controls which are utilized in each plant stage. 
THE SCRAP PARK 
To Sfarf with; consider the Scrap park. This is a paved area of approximately 240 x 26 
metres where scrap is loaded and uriloaded from wagoni and trucks by cranes fitted with Magnetic 
pick up devices. The park has two zones. The first one is where the stocks of classified scrap are 
kept and is also the reception area for deliveries of pre-classified scrap. In contrast, the second 
zone is for scrap that must first be processed or classified prior to being used. Deliveries of mixed 
or 'assorted' scrap are received in this second zone. The assorted bundles and varieties of scrap 
are the classified into various standard categories according to origin, density, size, chemical 
composition, cleanness, etc. (1) Scrap which is oversized is separated from the rest and then cut 
down to size either on a guillotine machine or by men operating oxy-acetylene cutters. Scrap 
which is to light for efficient changing to the furnaces is compressed into small dense packets by a ; 
specialized power-press. Then, once the scrap has been processed, classified and added to stock, 
the final job in the scrap-park is to prepare boxes of the different kinds of scrap (2) which will 
then be directly ready for use in the steelmaking operations. 
(1) The Pan Amer 
ican Standards Commission (COPANT) recognizes 38 distinct varieties of scrap, 
varying from heavy steel scrap to iron - foundry shavings. 
(2) The proportions of the different kinds of scrap which are used as raw material for making each 
batch of steel depend partly on the cost and qualiiy of the scrap available on the market and 
from the pbnt's own operations, and partly on the ihtended chemical composition of the batch 
of steel which it is desired to produce. Scrap which contains significant quantities of impurity 
elements such as Copper, Phosphorus or T in wil l prejudice the quality of the steel produced - anc 
so too will scrap which is 'dirty' in the sense of having accumulated various kinds of organic and 
inorganic residues. It is, therefore, necessary to control carefully the composition of scrap load. 
For one commonly produced grade of steel in the Rosario plant the loaci at present used in the 
furnaces is 32% steel scrap, 11% compressed light metal sheet, 8% briquetted steel shavings, 
8% packets of tin-free cans, 6% packets of used cans, and 34% of 'hot metal' made by melting 
a mixture of steel scrap and compressed perckets or cans in foundry furnaces. 
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V . . . _ 
STEE LMAK !NG 
The objective of the steelmaking stage in the Rosario plant is to convert the scrap into 
batches of homogeneous liquid steel of exactly the required chemical composition. The composition 
of melted scrap involves mainly the element Iron, but the scrap also contains a host of other che-
mical elemer-ts such as Carbon, Phosphorus, Silicon, Manganese, Copper, T in , Chromium, etc. 
The steel making process must therefore change the chemical composition of the liquid metal, 
adjusting downwards the proportion of scr.ie elements, and upwards the proportion of others, so as 
to achieve the correct proportion of Carbon, Silicon, Manganese and other elements for the 
particular 'grade' of steel which it is desired to produce. 
The steelmaking units of the Rosario plant consists of thrrjsj Siemens Martin (Open-hearth) 
furnaces. The first of these furnaces dates right back to the beginning of the plant in 1743. The 
second and third of these furnaces were started up in (949 and 1963. The scrap prepared in the scrap par 
park is fed into these furnaces in two distinct steps. The first step is called 'charging1. Travelling 
cranes are used to pick up and load the boxes of prepared scrap through special vents directly onto 
the 'hearth' (i.e. floor) of the furnace. Some 60 separate boxes weighing a total of about 23 tons 
have to be charged, and this operation takes nearly two hours to complete. About two-thirds of the 
scrap is 'charged' in this way, together with boxes of limestone. When 'charging' is complete, 
combustion is started. The furnace flames then sweep over the solid scrap and begin to melt it. 
. An important aspect of the operations of the scrap-park which deserves comment at this point - is 
that a very significant proportion of the scrap looming into the park is interna I scrap derived 
from the Rosario plant's own operations. Most of this internal scrap is dense steel scrap derived 
from rejected ingots, billets or bars, and from the 'ends' of ingots, billets and bars produced in 
the process of cropping or cutting-to-length. There is also a unit installed in the scrap park to 
recover steel from the slag produced in the plant's steelmaking operations. The 'recycling' 
theme is thus cf great importance in the economics of the Rosario Plant. 
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At this point the second loading step is taken, which involves the pouring into the furnace of 12 to 
13 tons of 'hot metal' on top of the solid scrap charge. This 'hot metal' constitutes the remaining 
one-third of the scrap charge to the furnaces. It is made in an auxiliary process by melting scrap 
together with coke ih one of plant's t^ree so-called 'shaft furnaces' (two of which were installed 
in 1948 and the third in I960). Once preparsd> the hot metal from the ¿ha ft-furnaces is then stored 
in. a special ladle until the moment comes for it to be poured into the Siemens Martin furnace 
on top of the solid scrap thus completing the metallic charge which has to be made into steel. 
; The next step for the melting of the scrap charge to be completed as a result of the intense 
heat maintained inside the Siemens Martin furnace. That takes about an hour and a half and leads 
immediately on to the 'refining' stage whereby high temperature chemical reactions taking place 
in the metallic bath bring about the chemical transtition to steel of the required composition. 
(These refinement reactions can be crudely described as: 1) the 'burning out' of Carbon by com-
bination with the oxygen in the furnace atmosphere and with the oxygen gas which is blown into 
the furnace. 2) the reduction of the levels of phosphorus and sulphur via the absorption of these 
elements into the molten slag which floats on top of the metal, and 3) the adjustment of the final 
bath of steel to exactly the required composition by means of various additions which usually include 
anthracite (to adjust upwards the carbon level) and ferrosilicon and ferromaqganese alloys to top up 
the silicon and manganese content to the required levels). The refinement reactions take typically 
30-40 minutes to complete in the case of mild steel grade.s and once tho composition of the samples 
proves satisfactory then the steelmaking process in the furnace is complete. Each Siemens Martin 
furnace makes approximately 32 tons of liquid steel per 'heat' (i.e. batch) and the whole cycle 
from the 'charging' of the scrap to tho 'tapping1 (i.e. pouring out) of the liquid steel itakes about 
five hours to complete. 
INGOT. CASTING 
(rwo of 12 moulds ond one of 14 moulds) are brought on three separate rail wage«; into tte so-
called 'costing bay* next to the Siemens Martin furnaces. Then, as soon as the liquid steel from 
the Siemens Martin furnace has been 'tapped' into a special ladle, known as the 'teeming ladle1, 
the casting of the ingots begins* A complete 8 heat1 of steel takes about 35 minutes to pour out from 
the base of the teeming ladle into the-three'set* of ingot-moulds where it makes altogether 38 ingots 
(each weighing approximately 880 kg). These 'sets' of ingot moulds are so designed that the liquid 
steel only has to be poured down one central channel In each set, in order to f i l l all the moulds of 
the set. This is because the 'base1 on which the ingot-moulds rest consists of a series of inter-
connecting channels surrounded by refractory brick - and as soon as the central channel begins to 
be filled then each of the ingot moulds simultaneously starts to f i l l from the bottom with liquid 
steel. 
Once the steel has been poured there then follows a waiting period which varies between 
20 minutes for low carbon steels/to 4 hours for high c^Hson steels during which the ingots cool down. 
Then canes the 'de-moulding1 process . The Ingot-moulds art» simply lifted up by a crane, leaving 
the free-standing iagots behind. (These ingots are sti l l glowing red-hot and one can feel the ,Heat 
from several metres away). The moulds are then dumped into a water tank for washing, cooling 
down, and painting with molasses (l). As for the free standing Ingots - when they have cooked 
(1) The idea of this 
is to improve the surface quality of the ingots which wil l be formed in the 
next easting batch. What happens is that the new load of molten steel in the mould reacts with the 
dry molasses paint forming a layer of expelled gases between the ingot mould arid the steel 
and driviog any slag upwards and towards the centre of the mould. The result is to achieve: a 
smoother aid more uniform surface of the ingots produced than would be possible using unpointed 
ingot moulds. 
down sufficiently they ore removed either for stock or for quality inspection and 'conditioning'. 
This leaves behind the sets of mould4>ases which are thefvre+urned to a special preparation area, 
where they are repaired and reassembled, prior to .having a set prepared of newly ingot-moulds 
placed on them in readiness for thé basting of a new ladle of steel. 
THE B'lLLEt MILL 
The succeeding section of the plant is, of course, the Billet mi l l , where the ingots are 
rolled into billets (plus blooms and slabs ). The basic equipment of this section of the plant is as 
follows: i) first comes a 'reheating furnace1 fired by natural gas, through which the ingots travel 
on o conveyor belt and get heated up to a temperature of 1200° centigrade prior to being rolled, 
ii) then comes the rolling mill itself which is a 'three high' mill (see fig. 2 below) in which 
the heated ingots get passed back and forth several times between the rotating cylinders of the mil l , 
thus progressively acquiring the degired cross-sectional shape and size of the billets, i i i) then 
once the long billets emerge from the rolling mill they get cut by a 'motor-driven hot saw' into 
manageable lengths , and iv ) finally cômes a 'cooling bed' on which the billets 
cool dov/n and whiah incorporates facilities for selecting, classifying and separating billets from 
each other as required. 
The heart of the process is, of course, contained in the action of the rolling mill itself. 
The basic principle involved in rolling is that solid metal which is to some degree plastio w i l l suf-
fer a deformation when it is passed in between two cylinders or rollers rotating in contrary 
sense (see fig. 1). The friction which exists between the surface of the cylinder and the surface o f 
the material being rolled causes the material to be gripped or 'bitten' by the cylinders and thus 
forced to pass in between them thereby being squeezed, widened, and above all lengthened in 
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The basic technique involved Schematic diagram of the action 
in rolling (1) of a '3 - High' mill (l) 
Example of the progressive reduction 
in cross section achieved in rolling 
billets from ingots, in this case in 
19 'passes' (2) 
• • — — • r l 1 H 
— • . _ 
- - — 1- h — 
Fig. 4 
Diagram of two rolling cylinders, showing 
the distinct channels for successive 'passes' (2) 
(1) Source: Roberto A. Villanueva Las Tecnologías de Producción de Laminados , in report 
'Posibilidades de instalación de plantas siderúrgicas en paises de menor grado de desarro-
llo relativo de América Latina' published by ILAFA, 1970. 
(2) Source of description and diagrams Roberto A. Villanueva op.cit. 
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the process. The rolling mill which produces Billets in the Rosario plant is called a 'Three higf-
mill because it has three rolling cylinders in line and thus jjefmits successe 'passes' (of thè prodi 
being rolled) to take place alternatively between the top wo cylinders add then the bottom 
two cylinders (see fig. 2). In practice the making of a billet may require from 9 to 15 passes 
through these rolling Cylinders depending on the cross-sectional size of the billet being produced 
and this results in a progressive reduction in cross-sectional area of the sort shown in fig. 3, whic 
is accomplished by making the passes in the various successive 'channels' (l) of the rolling cy-
linders as the cross-sectional size gets progressively reduced (see fig. 4). 
THE DAR AND PROFILE MILL 
The next stage in the Rosario plant is the Bar and Profile mil l , where billets are trans-
formed into reinforcing bars, profiles and forging bars. The first step involves the heating of the 
billets in a.billet reheating furnace. From this furnace the hot billets are then fed to thè first 
"set of rolling units which consist of a "double three-high" rolling mill (see fig. 5) in which the 
first five 'passes' of the bar are made. From there, the bar is then sent on to the so-called 
'intermediate' rolling units of which there are three. The bar either makes a single pass through 
each intermediate mill in turn (see fig. 6/1), or when heavy profiles, or forging bars are being 
produced, then the first mill is used as a trio, and the third mill is not used (see fig. 6/ll). 
(l) The adequate design of the shape of the channels is skilled work. The cylinders themselves 
are made of found steel, and ordered from specialist producers, who make the cylinders in 
accordance to customer's design. To change from one billet size to another involves a change 
of cylinders on the rolling mill, and involves a certain amount of down—time during which no I 
rolling can take place. The maintenance and regrinding of the rolling cylinders is carried 
out in a specialist unit inside the plant. 
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Finishing Pre- three Double 
mill finishing interme- three high 
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Finally the bars may be sent (depending on the final product) to pass through one or both 
of the so-called finishing mill units. These are called the 'Prefinishing' and 'Finishing' mill 
units, and are also shown in Fig. 6. 
If can be seen how - in contrast to the Billet mill in which the produ&t passes back and 
forth several times in the same mill unit - the products produced by the Bar and Profile mill have 
been forraed by up to seven separate mill units (or 'stands' as they are called in the jargon). Once 
the products,, i.fci reinforcing ban, L-shfcJpfes, forging bars, etc. emerge from their fifial 'pass1 
(which is often but not in all cases IhfftfUgh the final mil! 'stand'), then they are cut to length by a 
hot-saw, and transported on rollers onto a special cooling bed where they can then be separated 
• 
and classified as required. 
' F INISHING OPERATIONS 
The final processing carried out in the Rosario plant is not a discrete processing stage 
so much as a set of distinct finishing operations. Some of the bars take up a curvature on cooling, 
and all the profiles do - therefore, these particular products must first be straightened out before th 
can be sold - an operation which is carried out on special 'straightening' machines. Next, a 
fraction of the reinforcing bars have to be 'torsioned', i.e. given an axial twist on a bar-twisting 
machine, before being sent for dispatch. Then, in the case of forging bars, when these have 
emerged from the Bar and Profile mill,, they have to be sent to a special 'conditioning sector' 
where they are subjected to intensive quality control (see section below). 
It is also worth mentioning that all the various classes of products, once their processing 
is complete, get tied up into bundles, labelled, and then sent to be weighed in the balance prior t< 
sending on to the section responsible for despatch. 
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Finally we wi l l mention an aspect of the plant's operation which is common to all : \ 
the process stages discussed so far i.e. quality controls. These controls operate in each stage 
^f the plant because defects in the intermediate product at any stage v/ill automatically prejudice 
production in the next succeeding stage. Hence we find in the plant that there are inspectors 
//ho check the quality of the samples of the raw material delivered in the scrap-^park; that the 
Steelmaking section has its own laboratory for analysing the samples of steel in the Siemens Martin 
furnaces; that there is a Central Laboratory for assisting the Steelmaking section and for carrying 
Dut destructive and non-destructive tests on the plant's products; that there are Inspectors in the 
Billet mil l , and in the Bar and Profile mill who check that the production is meeting the norms as 
regards dimensions and surface quality etc.; that there is c 'conditioning' sector in the plant 
where some of the ingots and billets are sent to have their defects detected and removed; and 
that there is a further 'conditioning' sector in the plant especially for forging bars where these bars 
pome at each intermediate stage of their production (e.g. as blooms, as billets and as bars) for the 
detection and removal of defects by grinding and for the checking of their dimensional tolerances. 
All these various quality controls must be considered as an integral part of the process technology 
of the Rosario plant. :•;.•••• • ' 
Technological challenges ard limits set by the plant's process technology 
.. This completes our initial outline of the process technology of the main stages of produc-
tion in the Rosario plant. Inevitably the account has been schematic, and many important aspects 
of the plant's operations have, in the interests of brevity, been left out. However, enough has been 
said about the processing technology to now comment on several key characteristics of the production 
process in the Rosario plant which tend to generate and define'a 'field' of technical challenges 
for the plant's engineers and work force. , : \ " . % • " r " «2' • 
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In the first place we have seen that the process technology of the Rosario plant is multi-
stage. This automatically generates the challenges of a) overcoming bottlenecks when the plant gr 
and b) striving to make use of the surplus capacity which wi l l practically always exist in one or 
more of the plant stages. (1) We would, therefore, expect at least some of the technical changes 
in thé Rosario plant to arise in response ta the bottleneck - slirplbâ capacity theme arising from the 
plant's muiti-Ud^e nature. _ 
Secondly it can be seen from an account that each of the various stages of operation of 
the plant involves sequences of operations with specific cycle-times. In particular the long cycle 
time from the charging of the Siemens Martin furnaces to the 'tapping1 of the liquid steel stands 
out as one of the determining cycles in the operation of the plant. It can therefore be predicted 
that the speeding up of the 'cycle time' for steelmaking wi l l have been a major challenge in the coi 
of the plant's development - and one would also expect attention to have been paid to speeding up 
of the cycle times needed.for rolling both billets and the distinct end-products produced in the 
Bar and Profile mill. 
(1) A good example of this is afforded by the situation of the Rosario plant today (1976). Thus, at 
the present time, the plant is producing at approximately 90% of its ingot capacity, 90% of its 
billet capacity, but at only 25% of its Bar and Profile capacity. This is a clear example of 
one stage of production being 'out-of-ba lance' with the others - and the example is by no 
means a 'freak1 situation since both surplus-capacity and bottleneck situations have arisen 
repeatedly throughout the life of the plant with varying degrees of severity in all the different 
stages of the plant. 
The interest of this 'out-of-Lalance' theme for the present study is that when surplus capacity 
exists in a particular plant stage, or when production is being limited by a bottleneck, this 
can act as a powerful incentive for the execution of technical changes designed to exploit 
the surplus resources or to remove the bottleneck which is holding back production. The questio 
we shall need to explore, therefore, is the role played by this kind of incentive in causing 
technological change in the Rosario plant. 
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Thirdly it can be seen from our account that there is an intecse movement of raw materials, 
mmediate products and end products involved in the production process in the Rofario plant. Trucks, 
:ranes, and wagons transport the materials and products from stage to stage, while conveyor belts, 
;ranes and rolling cylinders, move or propel the intermediate products within each stage. In fact 
ome 500*000 tons of materials and intermediates and end products have to be moved around in the 
slant each year. The efficient mechanization of alt this movement and the careful layout of plant 
,o as to minimize both the cost and time involved in it, are therefore permanent technological 
ihallenges in the Rosario plant. 
Fourthly it is clear that the production process in the Rosario plant involves heating up 
rhe product as much as four times (i.e. in the shaft furnaces (scrap to hot metal), in the Siemens 
Martin furnaces (scrap plus hot metai to liquid steel), in the Ingot reheating furnace (ingot to 
oillet stage), and in the Billet reheating fumace (billet to bar and profile stage). Hence improving 
the efficiency of energy use in the heating processes presents a third persistent area of technological 
challenge in the plant. • 
. . . . . . - ! 
Fifthly the multi-stage nature of the process in the Rosario plant accentuates the problem 
of the metallic 'losses' which result in each process stage. These, of course, have the effect of . 
reducing the tonnage of output obtainable per ton of metallic input and increasing the unit cost 
of the output. It is therefore a constant preoccupation in the plant to reduce these losses involved 
in each process stage, by i) minimising the '' irrecuperable' _ losses (a.g. those v/hcch pesu-lt fscm , 
surface oxidation of the metal at high temperatures), ii) reducing the percentage of reject products 
and waste material resulting fromcropping product-ends, cutting-to-length, grinding, etc., and 
i:i) improving the efficiency of'recuperation' (i.e. recycling) of those losses that can be recuperated. 
These objectives can be summarized as the attempt to increase the yields at each process stage. 
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Sixthly, it is clear that much of the processing machinery in the Rosario plant is subject 
to extensive thermal and mechanical sttesses in the course of normal operations. For example the: 
repeated cycles of high and low temperatures in the furnaces, the wear and tear caused by the 
loading of solid scrap, the heavy force! exerted on Cylinders and bearings durihg rolling operation: 
etc. all give rise to the flded for reguldt maintenance and periodic extensive repairs Jo ke<5p the 
plant's main units functiofiirigi In addition regular maintehance and repairs service are required fo 
all the plant's ancillaty equipment sufch as cranes, motors, reduction gears, electromechanical 
devices, pomps, process instruments, etc. to prevent breakdowns in these from immobiUsing the 
plant's principal productive units. I t can be seen that the theme of maintenance asld repair 
may generate o substantial set of technological challenges associated with such matters as i) re-
ducing the incidence of breakdowns, ii) prolonging the useful life of the plant's principal units, 
in) lowering maintenance and service costs (1). Indeed these challenges tend naturally to lead fo 
all sorts of minor technical changes being made to process machinery, usually taking advantage of 
periods when the machinery is in any case down for regular repairs. 
Seventhly, our account demonstrates the importance of product-quality throughout the 
whole sequence of process stages in the Rosario plant. One would, therefore, expect that the effoi 
to achieve better product quality would be applied in all plant stages, e.g. by changing to nore 
careful operating practice, by the devising of new quality controls etc. - and that this effort to 
improve product quality would represent yet a further area of regular technological challenge in th 
Rosario plant. 
(l) "During the life time of industrial equipment in industrialized countries, total cost of maintenc 
wil l account to 50-200 per cent of the initial cost of equipment. In developing countries the 
cost of equipment wil l probably be higher". Quoted from Guideliness for Contracting from 
Industrial Projects, in Developing Countries, UNIDO Manual, p. 27. 
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To sum up we have now mentioned seven areas of technological challenge which arise 
>raetically automatically as a result of the process technology employed in the Rosario plant, i.e. 
) the solution of bottlenecks and the banging into use of spare capacity, ii) the speeding of process 
;yele times, ii i) the introduction of improved mechanization and layout to speed the movement of 
riaterials and products within the plant; iv) the improving or the efficiency of energy use in the 
listinct furnaces of the plant; v) the obtaining of greater metallic yields at each process stage; 
'i) the introduction of improved maintenance procedures, and vii) the effort to improve product 
¡uality. , 
The point is that we would expect to discover that technical changes had been made 
h the Rosario plant in these seven areas simply by virtue of the kind of process tech.nology installed 
here. In this respect, our expectations for Rosario steelplant are no different to what they would 
>e for other steelplants. That is, we would expect thes-3 seven areas of technological challenge to 
ilso be relevant to other steelplants too. In this sense all that we have drawn attention to are seven 
•articular areas of "general technological challenge13 for steelplants and there is no difficulty in 
^tending our lvst to many other areas besides the seven we have mentioned. 
There is, however, another side to the technological 'challenge1 coin which we shall 
iow explain. The point is that whilst the Rosario plcnt's process technology may be said to 
generate1 a series o f challenges to the plant's engineers, this same process technology also con-
ains, (like any other process technology) some inherent technological limitations and drawbacks 
/hich impose limits on the improvements in performance that the plant's engineers and workforce 
ire likely to be able to squeeze out of the equipment, eo matter how talented they may be. 
For example, the use of ths Siemens Martin sieelmaking has several inherent limitations 
• in particular the slow cycle time for making a batch of steel (due to the "length of time needed to 
hargo the furnace) the relative lack of precise control over power input (compared, to electric arc 
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Furnaces), and the high manning levels required compared to other steefmaking methods. 
Secondly, the use of ingot casting i : inherently more wasteful of steel than is con-
tinuous casting. 
Thirdly, the billet mill also has some inherent limitations. It has a rather small er.trdnce 
channel - which puts a maximum limit on the size of tha ingot-base sections which can enter i t , 
of 280 mm. This in turn has the effect of limiting the tyfcès of steel that can be produced to the so 
called "killed" steels Which produce relatively brittle product^ In additfo'n thè small power avail-
able Srt the ha ih rhill motor - i.e. 1200 HP - limiti fhè rolling speed attainable, etc. 
Finally, so far as the 3ar and Profile mill is concerned, its very conception (i.e. layout 
of the mill stands, power available, tec.) marks it out clearly as a slow-speed rolling unit in con-
trast to the high powered 'continuous1 rolling mills of the sort installed in Acindar's Acevedo plant. 
The conclusion is that while there clearly exist many kinds of opportunities for up-
grading the performance of the plant's units beyond their initial design performance, there also 
exists inherent features built into the processes employed which setiim its to the degree of improve-
ment" in performance that can eventually be achieved without fundamentally transforming the 
technological basis of the units concerned. 
The fact that the record of the Rosario plant in upgrading the performance of existing 
units is rather impressive means that we wi l l have a good opportunity, - in exploring the record 
of the technical changes made - to investigate the conditions in which technological opportunities 
were .taken advantage of and the circumstances which permitted technical change in the plant to 
prosper in spite of the design-limits. 
The organization of Ihe Rosario Plant 
We now switch from exploring the Rosario plant's product and process technology to 
providing a brief description of the plant's organization. This description throws light on i) the 
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elotionship between the Rosario plant and the overall organization of Ac indar, arid ii) on the parti-
cular functions of the Rosario plant's various operating divisions. It enables us to reach some useful 
conclusions about the different sources of "technical change effort" which the Rosario plant can 
Iraw on . So wo now begin our review of how the plant is organized. 
Almost one thousand people are involved in operating the Rosario plant, mcde up of ap-
>roximately seven hundred production workers, two hundred employees, plus their foremen, super-
i o r s and managers, organized into II specialized divisions and sections. 
overleaf 
These 11 divisions and sections are shown in the 'organigram/which also shows how the 
tosario plant fits into the overall organizational structure of Aoindar. As can be seen the fit is 
:¡uite complex and we shall now explain it briefly. The first point is that Acindar's overall 
activities are largely controlled yby four senior management groups formed into Directorates (see 
\ ~ - " 
Organigram). The Rosario plant, like Acindar's other two steel plants, falls under the responsibility 
i>f the Industrial Directorate, which controls all Acindar's 'production-Iinked' activities. Thi3 
Industrial Directorate, which is based in Acindar's Head-Office in Buenos Aires, covers the areas 
of Production, Engineering and Industrial Relations, and it operates via the Chiefs of the three 
plants who are located in their respective plants, and via the Heads of the distinct Departments 
who are located in the Acevedo plant in Vil la Constitución. 
Acindar's other three Directorates - i.e. the Commercial Directorate, Financial Directo-
rate and Administrative Directorate are responsible for all the vital 'non-production-Iinked1 
i . 
(services such as sales, purchases, accounting, cash-flow control, legal services, data processing, 
etc. These services are centrally organized from Buenos Aires for the whole company. The key 
point is that these 'non-production' activities are not performed by personnel based at the plants 
and this explains why the Rosario plant organization, plus its links to Vil la Constitución, 
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incorporados only those specialized activities needed for the plant to operate-with success as a 
production unit. 
Next we can turn out attention to the Rosario plant organization itself, and its links to 
Villa Constitución. As we can s.eo on the organigram, three of the Rosario plant divisions (i.e. 
the Süperlntendency of Steelmaking and Ingot casfihg, tho Suparintendency of Rolling mills, arid 
the Movement and Scrnp Division) rupórt unequivdéally to the Chief of the koSario plant. The 
. . f ' 
other divisions or sections of thé RbsdHo pldnt havb a dual strubtlib of responsibility. On a day to 
day basis they must cooperate with the Chief of the Plant, but their actual superiors are located 
in Villa Constitución in the respective 'Departments' which are responsible for two or more of Acinda 
plants. This dual structure of responsibility applies to the Industrial Engineering Division of the 
Rosario plant, the Control Division (i.e. inspection and Quality Control) the Energy and Main-
tenance Division, the Personnel Division, the Production Control and Programming Section, and 
the Supplies, Traffic and Despatch sections. 
The preceding outline of the Rosario plant's organisation demonstrates clearly that the ~ 
. • * 
plant is ./-ganlsed as a component of the wider Acindar structure - a situation v/hich clearly both 
stimulates certain kinds of technical changos in the Rosario plant (a.g. those that cdapt to the needs j 
of the organization viewed as a whole) and stunts other kinds of technical changes (e.g. those 
technical changas which might be adopted if the goal was to optimize th:? performance of the Rosario 
plant as a single unit). 
However, the stimulating and stunting effects that can be expected are likely to be 
rather complicated since possibly harmful effects such as conflicts between plants over irivestmént 
allosations, demoralization in one plant compared to another, or 'brain drain' from one plant to 
another may well form part of the picture alongside more harmonious effects such as lowered over-
head costs, or improved central services to all plants achieved by combining resources, or 
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useful complementarity of production programs, or healthy rivalry between plants in improving 
production performance (l). 
These remarks suggest that it wi l l be important to try to trace the historical effects -
r • . ' -
i>n technical change in the Rosario plant - of the evolving relationship between the Rosario plant 
and the rest of Acindar and that we can expect to find that quite a wide variety of stimulating 
and stunting effects have been at work. 
Some further useful remarks can be made about technical change in the Rosario plast by 
analysing the functions of each of the Rosario plant's divisions and sections. Inspection of the 
losario plant reports enabled us to draw up the following summary: 
Summary of the functions of the Rosario plant's various Divisions 
and Sections 
D ivis iop/sect ion 
!. Superictendency of Steelmaking and 
Ingot Casting 
Superintendency of Rollins Mil ls ' 
i. Movement and Scrap Division 
Punction 
Operation of shaft furnaces, Siemens Martin furnaces 
and ingot custing equipmenf 
Operation of Ingot reheat furnace, billet mill and 
ancillary equipment, and operation of Billet reheat 
furnace, Oar and Profile mill, and straightening and 
torsioning machinery, plus responsibility for the 
ingot and billet conditioning sector. 
Reception, classification, processing and prepara-
tion of incoming scrap, and collection, classifica-
tion and processing of internal plant scrap. 
1) Th is topic rcises many questions concerning the economics, management end technological 
, development of 'multi-plant' operations. Obviously in this study we cannot pretend to do 
more than mention some features of Acindar's experience. 
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D ivk tory/se et ìon Function 
4 Energy and Maintenance Division 
5. industriai Engineering Division 
6. Inspection and Control Division 
7. Personnel Division 
8. Programming and Production Control 
9. Despatch and Traffic Sections 
10. Supplies section 
Maintenance-ond repair of all plant equipment, ex 
cution of modifications to equipment, operation 
and maintenance of the plant's power supply, 
engineering studies for proposed plant modification 
Determination of quantitative performance standard 
in all plant processing and operative stages, fte -
pa ration of monthly standard costs per ton for each 
product produced. Revision of performance stahdar 
when process or operative technology is changed* 
Studies to determine in advance the perfoimance 
standards that would apply to proposed changes in 
process or operative technology. Determination of 
real costs and their comparison with standard costs. 
\ 
Quality checks on a) the raw materials coming into 
the plant, b) the intermediate products brought 
in by the plant, c) the intermediate 'products 
produced by the plant and d) the end-products 
produced by the plant. 
Inspection of on-going production to draw attentior 
to deviations from product norms. Periodic revision 
of norms. Investigations of defects in products to 
determine causes and recommend appropriate 
changes in operative technology. Development 
of new methods of analysis as required. 
Industrial Relations, plaht security, social ser-
vices, etc. 
Planning and recording of production. < 
Stock control and product despatch. 
Purchase of supplies. 
The principal conclusion of which emerges from analysing this list is that the Rosario 
plant does not have any single 'technical division' which is the main source of the innovations intro-
duced in the plant. On the contrary, the list shows that the technical change effort in the plant is 
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iread out as beíween, at least, the Energy and Maintenance Division (e.g. execution of modifi-
Jtions to equipment and some engineering studies), the Industrial Engineering Division (e-g. 
vision of:performance standards and studies to determine in advance the performance standards 
at would apply to proposed change? in process ór operative technology), and the Inspection and 
Dntrol Division (e.g.. investigation of product defects, trials on proposed new raw materials and 
rermediate products, etc.). 
Furthermore we know both from the Rosario plant reports and from interviews with plant 
irsonnel that there is a substantial technical change effort located in the Steelmaking and Rolling 
visions as wèll (I) - i.e.*which is generated by the divisions actually operating the plant's 
3in machinery - and that there is also an important input to technical change coming from the 
¡rector and Deputy Director or the plant. 
Hence it is clecr that in the Rosàrio plant itself, the technical change effort is 
isically in'the hands of at least five of the d iv i s ions which haye day to day operat ing dut ies as 
eir main responsibility, plus the two most senior plaht personnel. In other words the technical. 
,.angei effort éx is is alongside the plant's regular production activities and is carried out by the 
i 
me personnel. 
O f course, the links which exist between these personnel and the various departments 
Vi l la Constitución, and the links which exist between the Rosario plant and senior management 
oups in Buenos Aires such as the Engineering Directorate or the Systems Group of the Adminis-
ative Directorate, meaà that the Rosario plant can receive impetus and help in carrying out 
chnicai changes vrorn technical personnel outside the immediate orbit of the plant. Nevertheless, >—________________________________________ 
\ The plant reports reveal many examples of technical changes being executed by these two operating 
I divisions, interview material also reveals that many projects have inyolved co-operation, 
i between thene two operating divisions and the Energy and Maintenance Division, which used 
'to be called the Plant Engineering Division - with the claim being made that the " ini t ial push" 
for technical changes usually comes from the two operating divisions rather than vice vèrsa... 
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to var as the purely internal technical change effort is concerned, this is clearly 'spread-out1 
amongst the various operating divisions of the plant, and is fundamentally an 'outgrov/th1 from 
regular manufacturing activities (I). 
Summap/ of j-he findings concerning the technology and organisation of the Rosahlo frlant 
We are now in a position Í6 consider the results of this exploration into vthafc 
we called the "technological structure" of the Rosario plant -to see what light it has thrown on . 
the context in which the plant's managers, engineers and personnel operate, and in which tech-
nical changes are introduced. 
The basic points which have emerged are os follows: 
1. fhe Rosario plant h a multi.-stage plant which comes into the category of'mini1-plants in 
terms of its production capacity. 
2. 'he process technologies which the plant operates to convert scrap into steel.and then to billets 
are basically outmoded but they have.been extensively upgraded compared their initial design 
performance, and are not obsolete. The plant's Bar and Profile mil l , too, has been extensively 
modernized and is reasonably up-to-date. 
3. The plant is a multi-product plant, which means that we wi l l need to pay close attention to 
changes in product-mix both in the intermediate and the final product stages. 
4. The nature of the process technology employed in the plant generates several obvious 
'areas' of technological challenge for the plant's engineers and personnel - and at the same 
time imposes some inherent limits on the improvements in performance (compared to initial 
performance) that-can be achieved. 
(l) We shall tackle the problem of describing this 'outgrowth' and its development in Chapter 111, * 
when we address the subject of 'Learning1 . " 
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, The organization of the Rosario plant does not incorporate any specialist technical unit, but 
technical, change activities exist alongside the normal production activities in at least five 
of its divisions. 
, It therefore seems clear that the context of the plant's engineers, management and personnel, 
which is also the world into which technical changes are introduced, in large part consists of 
'micro-environments5 formed by the particular process-machinery and divisional duties which 
fall under the responsibility of the particular plant managers concerned. 
This suggests that the phenomenon described in the economic literature by the crude term Blearning-
by-doing" is extremely important in the Rosario plant, and that a high proportion of the tech-
nical change carried out in the plant corresponds to what is known in the literature as 
. "localized" (l) in the sense that it results from narrowly focused efforts to improve the performance 
of the particular process equipment and procedures already installed in the plant, and generates 
relatively little "spillover" of new knowledge which would be of general applicability to 
improving techniques in other steelplants. 
(1) The concept of "localized" technical change was given theoretical shape by A.B» Atkinson 
and J.E. Stiglitz in their article A new view of technological change, Economic Journal, Vol, 
LXXIX, September 1969. 
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SECTION I I 
Evidence Concerning the Nature and Rate of Technical Change 
In the Rosario Plant , - . 
Our concern in this second section of the chapter is to explore the evidence concerning 
the historical record of technical change in the Rosario piant in the period 1943 to 1976 - with the 
aim of identifying both the nature of the technical changes introduced, and wherever possible a!:o 
their rate of introduction across time. 
To begin with, we present a broad view of the evolution of the plant from 1943 to 1976 
obtained by summarising all the distinct types of changes to establish the overall context of changsr, 
in the plant of which the technical chareges form a part. 
• Then we turn briefly to the problem of definition*, and method.*, of analysis, -o ar. io 
define what we moan by technical change and-to explain both the approach v/e have adopted 
in our attempt to investigate its nature and rate in the Rosario plant, and the- different kiccVof 
evidence we have collected, based on this approach. 
Following this we then devote considerable space presenting and analysing all ihere 
different kinds of evidence which we have collected. This includes evidence concerning i) tho 
growth in the volume of output produced by the plant; ii) the objectives of technical change in 
the plant; iii) changes in output-mix; iv) the growth of productive capacity; y) changes in product 
quality; vi) observations on changes in unit costs » vii) organizational changes, and v i i i) 
"incremental" technical changes. 
I t is then poss ible, in the f inal part of th i s sect ion , to s'ummar i se the f ind-
ings on the nature and rate of technical change in the Rosario plant, from 19^3 to 1976 
which have emerged from t h i s evidence. 
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The evolution of the plan? from i943 to 1976 
To get a picture of frho overall-extent and nature of the ©volution of the Rosario plant, 
we shall begin by comparing J he plant as it was-in ¡943 with the plant as it is today. As one 
might suppose, the differences which err,ergs from ihis comparison ere quite striking, 
f i rs t ©f all the plant todoy produces a very much greater volume of output than did the 
plant in its early syears- This cch easily bo seen i f we compare the average output of the plant 
in the yearsi943-4? with the output in the years S969-76. What we find is that Ingot output has 
"isen from 17,GOO tor.3 per year to 130,000 tons per yccr, Billet output has rison from zero to 
140,000 tor.j per year, and the output of end products (i,e. bars, profiles, etc.) has increased 
Torn 30,000 to 50,000 tons per year. Hanee vhu first unmistakoable fact about the plant's evolution 
>etween -1943 and 1976 b ihet it has Involved a process cf very considerable quantitative growth 
n the volume of steel product; produced. 
Second, rho plant today lias more '.cpitai equipment installed. Instead of having only 
>ne Siemens Martin ctoe leaking furnace, a; in '943, today's plant has three Siemens Martin 
umaces. While in 1943 there were to sheft furnaces for making hot metal, today three such 
haft furnaces are initaHed. A furth&r major addition to the capital equipment is the entire 
iillet mi l l , which was installed in ',950.. We can also mention the entirt ingot catting system 
i-hich involves new equipment which replaced the original insta Hat ions, and further examples 
ould bo'multiplied. 
third, virtue: ly cvory important item of equipment which does remain from the early 
installations, or which dates back even a few years from today, has been modified so as to improve 
is performance. A good example is the first Siemens Martin furnace in the Rosarto plant. 
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This originally had a capacity of 25 tons per heat (batch), Its interior was modified in 1949 
increasing its capacity to 32 tons, it was also adapted for receiving part of its load as hot metal. 
Furthermore, its burners have been modified, the refining reactions to make steel are no\V 
speeded by the injection of oxygen into l-he furridfee-bath, improved refractories are used, and 
innumerable other modifications have been made over the yddri ih order to improve its capacity, 
tiycle Hrrife arid productive efficiency. When one examines the equipment used in the Scrap park, 
Ingot casting section, Billed mill, or Bar and Profile mil l , the same pattern of modification add 
improvement of the equipment over the years is immediately apparent. 
Fourth, the product-mix produced by the plant is today more sophisticated than the 
product-mix of the early years. The original product of the plant was plain mild steel rein-
forcing bars, plus a small quantity of square section mild steel bars. Today the plant produces 
three different basic varieties of reinforcing bars, plus a range of profiles and a range of forging 
bars. At the intermediate products stage, the plant now produces billets as well as ingots - and 
the 
ingots it produces weigh approximately 900 kg compared with 150 kg and are produced in a *> 
wider range of steel grades than before. 
Fifth, product quality has improved dramatically since 1943 due to modifications iri 
manufacturing methods and the intensification of quality inspection and control procedures. 
Sixth, the operating technology has evolved - i.e. the actual jobs performed by 
workers and supervisor» have changedin many respects, both to match changes in equipment 
and changes in product-mix, and also to conform to superior practice developed through ex-
perience. 
Seventh, the plant's organization has gone through several changes, becoming more 
sophisticated than before, giving rise for example to new divisions such as Industrial Engineering 
and Quality Control and Incorporating a higher proportion of Engineers and Technical Staff in its 
ranks. 
.-•••'• - 62 -
Eighth, thé quality and mix of raw material inputs to the plant is in spme respects 
different. The scrap available on the market today is of lower average density and quality than 
the heavy steel scrap that was available in the 40s; the plant no longer uses charcoal os it had 
to do when starting up for adjusting the carbon level in the steel; Pig iron is no longer econo-
mically available on the market for supplementing scrap load; gas is now used in preference to 
fuel-oil in the reheat furnaces. , ' . 
Ninth, the unit costs of the plant's products measured in 'roal' terms has fallen subs-
tantially between 1943 and 1976 - in other Y/ords the global productivity of tho resources used in 
manufacturing steel products in the Rosario plant has increased. 
This review,shov/s that the evolution of the Rosario plant between 1943 and 1976 has 
had multiple aspects. These include quantitative growth in volume of output and in quantity 
of capital installed; growth in the complexity of the product-mix produced and in the sophistica-
tion of the organization which runs the plant; adaptation to changes in input-mix; improvements 
in product quality; and extensive modifications both to process equipment and to operating 
practice which have resulted - together with scale effects - in greatly improving the 'performance1 
of the capital, materials and labour resources employed in the plant. Between all these aspects 
of the plant's evolution there or course exist inter-relationships, causalities, spin-off effects, 
etc., many of which wi l l become clearer when we turn, to examine each aspect of the plant's 
evolution in more detail. 
At this stage, however, our aim is only to have poinled out how the panorama of 
pvolution in the Rosario plant embraces multiple different kinds of changes - it therefore offers a 
• • 
jrichsr field for investigation than the single domain of unit-cost reducing changes, in which eco-
nomists have tended to specialize their efforts. 
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Definitions and methods 
We have fust seen that the overall:pattern pf;ev.o!utjc>a in the Rosario plant,has been 
complex and 'multi-dimensional1; The problem.which is.now.relevant is, - howoan w$J begin to 
investigate the port played by technical change in generating this complex pattern? This 
problem involves both questions of definition (of what is meant by 'technical change') and 
questions of method (i.e* of the possible waysof exploring the phenomenon), f Hero fore, we now 
tackle both these questions, 
THe starting problem is to clarify how tho phenomenon of 'Technical Change' inserts 
itself in, and relates to, the complex set of changes which we have seen constitute the 'evolution1 
of the plant. -This clarification is absolutely necessary because not all of the changos in the Rosario 
plant which v/e mentioned above are either technical changes or c.!i,o the result of technical 
changes. We therefore need a criterion for distinguishing technical changes from 'other1 
changes. We also need a method for distinguishing between improvements in performance caused 
by: technical changes and Improvements in performance due to 'other causes. 
•The criterion we shall use for distinguishing technical changes from 'other1 changes 
follows the one devised by SornjelHollander for his celebrated study of technical change in the 
Du Pont Rayon plants. Hollander defiees tha roalrn of technical changes in-plant to include 
"methods used for the first time by the plant, or modifications of eiethods, regardless 
of the source of the underlying technology and regardless of whether from the point 
of view of the entire industry, the wholo nation or the whole vyorld the methods are 
imitative or not". (1) 
(l)Sarauel Hollander, The Source of Increased Efficiency. A Study of Du Pont Rayon Plants, M, 1,7. 
University Press, Cambridge 1965." ~ 
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The great valus of this definition of Hollander's is its inclusiveriess. Thus, it includes 
changes in a plant's organization structure, and shifts to new procedures in labour operating 
practice as 'technical changes'. It also includes changes in the quality of the raw . .material 
inputs to the plant as 'technical changes1. Finally, of course, any changes in the process tech-
nology employed in thé plant, changes in the, design or specification of products, and any 
diversification into new product lines are also included as 'technicalchanges' in this definition. 
On the other hand, any change which involves repeating methods, processes, designs, 
etc., which are already established in the plant is, of course, not regarded as a. technical change. 
For instance, the installing of a duplicate facility ro double production capacity is not a tech-
nical change. Nor is an increase from two shift to three shift production a technical change. $ ) 
We can from now on refer to c!! changes of this second sort - which achieve expansions in output 
or in plant capacity via extending, duplicating or repeating procedures already in use 
"scale multiplying" changes. 
Kence'we now have, following Hollander, a criterion for distinguishing "^technical" 
changes from "scale-multiplying" changes, which we can use in our study of the evolution of • 
the Rosario plant. 
A further distinction which it wi l l be vital to.keep in mind is that which exists.between 
the actual physical (or operational) changes introduced in thé Rosario plant - and the offsets 
of these changes, as measured by s h i f t s in.a whole ser ies of ''parameters'.' which describe plant 
output, and/or performance. . 
(1) Strictly speaking expanding the scope of presently used procedures does usually involve someone 
in the plant in doing something he has nor doss before - and therefore, cannot be regarded 
as exact 'repetition' of what already exists. Furthermore an expansion of capacity via duplica-
tion of facilities may somstimss stimulate an organizational change designed to cope With the 
expansion - however, thore is a fundamental distinction between "doing more of'the same" (du-
plication/and doing something different (technical change) which the definition is designed to 
capture. v 
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This point deserves further explanation. We noted in our review of the evolution of 
the Rosario piant that the plant's history .includes various kinds of changes in 'output' (i.e. 
changes in pfoduct-mix, changes in product quality/ and changes in the volume of output produced) 
and also various kinds of changes in the ^performance' of the capital, material! and laboUi* teSources 
employed in the plant) (whereby'perfoHtiahce' we wil l understand both productivity measures of 
i 
the output-per-unit-of-input variety and capacity measures of the throughput-per-hour variety). , 
• 
In other words we can say that we noted evidence of changes in the Rosario plant in five classes of 
'parameters' constructed to reflect the shifts in plant output and performance, These are: 
1) output volume parameters 
2) output-mix parameters 
3) output-quality parameters 
4) unit cost parameters 
5) throughput r^te parameters 
The distinction which we.are concerned to make is simply that the changes which can be observed in 
these five types of parameters throughout the life of the Rosario plant are not themselves either 
'technical changes' or 'scale multiplying' changes. Rather they are the results, or consequences of 
these latter types of changes. F urthermore many individual changes (whether technical changes or 
scale multiplying changes) affect two or more of the above classes of parameters simultaneously. 
Thus, even i f one has identified a particular parameter movement as having been caused by a 
particular technical change - this does not mean that other parameters too may not have been af-
fected by this same technical change. Hence, it is essential to maintain a clear distinction between 
a) the changes themselves; and b) their consequences, in terms o f their effects on one or more of the 
output or performance parameters. 
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This distinction between the changes themselves and their consequences suggests 
immediately that there are two basic 'lines of approach' available for exploring the nature and 
rate of tech.".teal changes in the Rosario plant, cr for that matter in any other plant. 
The first line of approach is to identify ar.d construct a sample of actual individual 
technical changes introduced in the plant and then to analyse these so as io obtain data about 
such matters a3 the types of technical changes involved, their purposes, consequences, origins, 
the size of investment and the life span involved in introducing the changes, etc. Classification 
of the 'nature' of the technical change; in the sample can then be performed in accordance with, 
whichever categories are used in the analysis. This approach, clearly is concerned with the 
direct analysis of the 'units' of technical change i.e. the actual technical changes themselves. 
The second line of approach is to identify the movement oyer time o? one or more of 
the output or performance parameter, in which one is interested - and then to estimate the 
.contributions made to this parameter! movement by technical changes as against by scale -
multiplying changes. This second line of attack can work either by a) subtracting from the oyer -
a]l parameter movement the part of the movement which one has determined was contributed 
by scale-multiplication, leaving the reft as a 'residua!' which one attributes vc technical change, 
of by b) seeking to estcbiish the •complete sample of individual technical changes which con-
tributed to the movement of the parameter during the period in question, and then estimating 
and adding up the separate contributions <o parameter movement made by each individual change 
in the complete sample. (This latter method evidently requires an intimate knowledge of the 
technical changes carried out in the period in question and of their consequences cn the para-
meter in question), Whichever method is used the virtue of this second line of attack is 
that if promises to provide date about the cumulative extent ar.d rate of parameter movement 
caused by technical change in given time periods. 
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Summary o f t h e e v i d e n c e c o l l e c t e d 
I n o u r e x p l o r a t i o n o f t h e n a t u r e a n d r a t e o f t e c h n i c a l c h a n g e . i n t h e R o -
s a r i o p l a n t wc h a v e t r i e d t o c o m b i n e e l e m e n t s f r o m b o t h t h e a b o v e m e n t i o n e d 
1 l i n e s o f a p p r o a c h ' . 
A l o n g t h e f i r s t l i n e o f a p p r o a c h wa h a v e b e a n a b l e 
i ) t o i d e n t i f y a s a m p l e o f 3 0 i m p o r t a n t t e c h n i c a l c h a n g e s f r o m t h e A c i n d a r a n n u a l 
r e p o r t s , 
f I ) t o i d e n t i f y f u r t h e r i m p o r t a n t t e c h n i c a l c h a n g e s , i n a d d i t i o n t o t h e a b o v e 
3 0 , by means o f t h e t a p e d i n t e r v i e w s c a r r i e d o u t w i t h p l a n t p e r s o n n e l - a n d 
i n many c a s e s t o e x p l o r a t h e c i r c u m s t a n c e s l e a d i n g t o t h e t e c h n i c a l c h a n g e s 
( b o t h t h e o r i g i n a l 3 0 p l u s t h e ' f u r t h e r ' o n a s ) . " " ' 
i i i ) t o i d e n t i f y s t i l l o t h e r t e c h n i c a l c h a n g e s w h i c h a r e m e n t i o n e d i n t h s m o r s 
r e c e n t ftosario p l a n t r e p o r t s ( 1 3 6 3 - S 3 a n d a f t e r ) , i n p a r t i c u l a r many ' m i n o r 
t e c h n i c a l c h a n g e s . 
i v ) t o i d a r . t i f y some o f t h s i m p o r t a n t ' o r g a n i z a t i o n a l ' c h a n g e s i n t r o d u c e d i n t o 
t h e p l a n t . 
Vie t h e n m a k e u s e o f t h i s o v a r a l 1 s a m p l e .of t e c h n i c a l c h a n g e s p i us a c c o m p a n y i n g 
d a t a as t h e b a s i s f o r v a r i o u s k i n d s o f a n a l y s i s w h i c h t h r o w l i g h t o n s u c h m a t -
t e r s a s t h e o b j e c t i v e s o f t e c h n i c a l c h a n g e s , t h e i n c r e m e n t a l o r n o n - i n c r e m e n t a l 
n a t u r e o f t h e c h a n g e s , t h e c i r c u m s t a n c e s s u r r o u n d i n g t h e i r i n t r o d u c t i o n , t h e d i 
v i s i o n s w i t h i n t h e company r e s p o n s i b l e f o r t h e c h a n g e s , e t c . 
T h e g r e a t e r p a r t o f o u r e f f o r t , h o w e v e r , h a s b e e n c o n c e r n e d w i t h t h e s e c o n d 
' l i n e o f a p p r o a c h ' , i . e . t h e e x p l o r a t i o n o f t h e m o v e m e n t o f v a r i o u s o f t h e p l a n t ' s 
o u t p u t a n d p e r f o r m a n c e p a r a m e t e r s , f o l l o w a d b y t h e i n v e s t i g a t i o n o f t h e e x t e n t t o 
w h i c h t a c h n i c a l c h a n g e s w e r e t h e c a u s e o f t h e s e m o v e m e n t s . A l o n g t h i s 1 i n o , wq h a v e -
t r a c e d t h e m o v e m e n t o f p a r a m e t e r s r e l a t i n g t o t h e o u t p u t a n d p e r f o r m a n c e o f 
I ) t h e S t e e l m a k i n g u n i t s o f t h e p l a n t ( i . e . T h e S i e m e n s M a r t i n f u r -
n a c e s ) , 2 ) t h e S i 1 l e t m i l l , a n d 3 ) t h e B a r a n d P r o f i l e m i l l - / 
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ecause data on these was more abundant than was data about the output and performance 
f the plant's other units (i.e. the scrap park, or the various finishing operations). 
The particular 'parameters' whose changes over time we have attempted to trace 
/ • 
i the three plant units mentioned abovo arei 
> growth in the volume of physical output 
i) changes in the output-mix 
/ 
ii) changes in productive capacity 
f) changes in produet quality 
) changes in unit costs. 
We then attempt in each case to identify the contribution made by technical 
har.ges, as opposed to scale multiplying changes, in accounting for the observed parameter 
overnent. To help in thi3 we maka use both of the data on individual technical changes which 
e collected (see above), and also data which we collected about the scale multiplying changes 
".trodueod into the three, plant units in question. 
The rest of this section i j now devoted to presenting and analysing the evidence we 
aye collected using both the linos of approach mentioned above. 
• We first of all present data concerning the growth in physical output of the plant 
hich is useful because it demonstrates the "growth context" in svhich technical changes have 
ccurred» 
Next we carry out an analysis of the objectives of technical change in the Rosario 
lar.t, based on the sample of 30 important technical changes mentioned in the Acindar annual 
•ports. The main result is to demonstrate that technical change in the plant has had multiple 
V* 
liferent objectives going far beyond simply unit cost reduction. , 
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We then turn to analyse the changes over time in the output-mix produced by the 
i 
sieelmaking units, billet mill and bar and profile mill - and demonstrate the important role of • • - - . i 
fechrtical changes in causing these changed in output-mix. 
THere then follows a detailed analysis of the growth in production capacity of the 
ktee(making units, billet mill and bar and profile mil l , and a demonsttetion of the key role 
flayed by technical changes in producing this growth. 
W^ next turn fo analyse the changes introduced in product quality in the plant, 
and identify the technical changes which were responsible. 
There then follows a set of observations on changes in unit costs of production and 
the relationship of unit costs to technical changes in the plant. 
Following this we provide an analysis of the evidence concerning 'organisational' 
changes in the plant. 
To conclude with we analyse a sizeable sample of the incremental technical 
changes introduced in the plant. 
This completes the presentation and analysis of the evidence we collected. Then 
in the last part of this section of the chapter we summarize the major results which emerge from 
this evidence concerning the nature and rate of technical change in the Rosario plant. 
/ t 
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The Growth of out-put in the Rosario plant 1943-1974 
To see how the level of production has changed during the life of the plant, we con-
sulted data available in the Rosario 'Plant Reports'. 
.As a result, we were able to compile three complete production series, covering every * 
year from 1943 to 1973-74, showing the total tonnage of output produced in 1) the Ingot casting 
section, 2) the Billet mil l , and 3) the Bar and Profile mill. 
A|| three of these production series are displayed in the graph on the next page as well as 
being set out numerically in the adjoining table. 
To help draw conclusions from these series we shall divide the overall period from 1943 
to 1973-74 into three distinct long 'Periods' of growth plus some shorter 'start-up1 phases. The long 
periods are: I 1944 to 19 50, II 1951-52 fo 1 9 6 1 a n d HI 1962 -63 to 1973-74 The startnjp 
'phases5 are a) the year 1943, the start - up year of the Ingot casting section and the Bar Profile 
mill, b) the years 1950 and 1951 which correspond to the two start up years of the Billet mi l l , and 
c) the year 1951 for the Ingot casting section, since in this 'year' the second Siemens Martin steel-
making furnace and the shaft furnaces were being started up, thjs greatly increasing the output 
capacity of liquid steel to be made into ingots. 
We wil l now comment on the growth in production with the aid of this scheme of 'periods' 
and start up phases. 
We start off in 1943, the plant's start up year». The 'Bqr and Profile' mill (then exclusive-
ly a Bar mill) began production using very crude methods which involved rolling reheated rails or 
else rolling semi -melted packets of assorted scrap. It managed to produce 3,000 tons of reinforcing 
bars during the year. The steelmaking section started up its Siemens Martin furnace in December 
iD9Q99§d_tp_produce j_1_ 1 Jons of ingots in the few days that remained of the year. 
See note on next page concerning the annual accounting-periods used by Acindar. 
- 70 - (b) 
Annual Growth in the Output of Each of the Three Main 
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* Acindar conducts its accounts in yearly periods, starting from 1st 
January 1943. However in 1951 the accounting exercise was closed 
on 30 June thus resulting in an anomalous 'year' of only six months. 
From then onwards all the accounts have been opened on 1st July 
and then closed on 30 June of the following year - and these years 
are therefore referred to as 1951-52, 1952-53, etc. 
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PRODUCTION SERIES FOR TÎIE THREE MAIN PLANT SECTIONS 
YEAR EXERCISE STEEIZ-IAKING SECTION Tons 
BILLETÏ MILL 
Tons 
BAR AND PIROFILE MILL 
Tons 
1943 1° 111 - 3.106 
1944 2° 17.185 - 11.080 
1945 3° 18.358 - 10.051 
1946 4° 18.139 - 15.443 
1947 5° 16.866 - 24.009 
1948 6° 16.549 - 34.998. 
1949 7° 16.594 50.302 
1950 go 17.822 13.691 56.473 
1951 (1st. 9o 6 months) 14.494 13.932 26.059 
1951/52 10° 40.334 53.156 .44.207 
1952/53 11° 22.716 34.631 • 29.088 
1953/54 12° 36.441 39.367 23.439 
1954/55 13° 53.075 59.094 51.520 
1955/56 14° 55.050 63.272 ' 53.347 
1956/57 15° 38.115 56.467 • 38.982 
1957/58 15° 55.009 70.542 51.167 
1.958/59 17° 55.111 63.917 58.482 
1959/60 18° • 37.103 53.977 42.790 
1960/61 19° 57.798 65.989 47.888 
1961/62 20° 54.651 60.557 51.331 
" 1962/63 21° 63.660 67.427 15.104 
1963/64 22° 80.057 84.629 25.915 
1964/65 23° 93.235 83.381 49.694 
1965/66 24° 97.401 106.770 36.636 
1966/67 25° 97.510 96.127 . 39.228 
1967/68 26° 91.116 95.559 49.181 
1968/69 27° 118.394 116.253 52.666 
1969/70 28° 127.510 134.303. 70.503 
1970/71 29° 134.510 148.701 80.960 
1971/72 30° 140.692 141.699 94.271 
1972/73 31° 140.135 153.432 36.193 
1973/74 32° 130.196 160.676 27.936 
.-•••'• 
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Then we come to the first long period, i.e. Period I which includes the years 1944 to 
1950. The production of steel ingots (based on the steel from the one Siemens Martin furnace) remaii 
remarkably constant at around 17,000 tons per annum throughout the whole period whilst the pro-
• duction of the Bar and Profile mill in contrast rises rapidly, almost without a break, from 11,000 
tons to almost 56,000 tons a year. This rapid increase seems to have been due to both "learning-
by-doing" and to the replacement to the initial rudimentary rolling practice based on improvised 
raw material by more satisfactory operating practice based on rolling proper billets bought from | 
outside suppliers. In fact one can consider the evolution of the Bar and Profile mill during this 
first long period as a prolonged start-up phase which led by the end of the period to the more or 
less co,Tip!o>e use of the initial design capacity of the mill. In contrast, the start up of the Siemens 
iV.ar'tin furnace appears to have taken not even one year to complete. 
The year 1950 which is the end year of Period 1 also marks the first of two start up years 
of the newly installed Billet mill. The 'year' corresponding to 1951 is the second of these two start 
up years and is also a start up phase for the second Siemens Martin furnace, shaft furnaces, and 
other major technological changes in the steelmaking and ingot casting sections. Once this start 
up phase is complete one notes that in the first year of Period II , i.e. the year 195!-52 the Billet 
mill is already producing 53,156 tons per year (which corresponds to its estimated initial design 
capacity of 50,000 tons) while the production of Ingots has reached 40,334 tons representing cn 
increase of some 120 % over the production obtained previously with only one Siemens Martin 
furnace operating. 
We now come to analyse the growth of production during Period 11 , i.e. the 11 years 
from ¡951-52 to 1961-62. The basic feature of the Period, as can be seen from the graph, is that 
the production levels of all three of the plant sections show a fairly similar pattern. Firr;t con • 
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ider the output of ingots. The average level of ingots production for the period is 46,000 tons. 
Dne notes a large annual fluctuation in output and a slow rise throughout the period in the maximum 
evels oi production achieved. Next, in the Billet mil l , one notes that the level of production was 
:onsistently a feW thousand tons higher than that of the Steelmaking section, averaging 56,000 
ons per annwm, and the level demonstrated almost identical annual fluctuations to those of the 
teelrr.aking section. As for the Bar and Profile mil l , it too shows a very similar pattern, though 
I- is notable that its average level of production during the period, which was 45,000 tons per annum, 
'as considerably lower than the maximum output obtained during the first period. 
We c o m e , f i n a l l y , t o P e r i o d I I I . T h e g r o w t h p a t t e r n h e r e a p p e a r s , on t h e g r a p h , t o 
i v e r g e d r a m a t i c a l l y f r o m t h e g r o w t h p a t t e r n o f P e r i o d I I . F i r s t l y , o n e o b s e r v e s t h a t t h e 
r o d u c t i o n l e v e l s o f b o t h t h e I n g o t c a s t i n g s e c t i o n a n d t h e B i l l e t mi 11 r i s e r a p i d l y a n d a l m o s t 
a n t i n u o u s l y and a r e p r a c t i c a l l y i n un i son t h r o u g h o u t t h e e n t i r e p e r i o d ( a n d h a v e an a v e r a g e 
r o w t h r a t e t h a t a p p e a r s t o be c o n s i d e r a b l y h i g h e r t h a n i n P e r i o d i ) . S e c o n d l y , o n e c a n o b s e r v e 
he v e r y d i s t i n c t b e h a v i o u r o f o u t p u t o f t h e B a r a n d P r o f i l e mi 1 1 . F a r f r o m r i s i n g i n c o n j u n c t i o n 
i t h t h e o u t p u t o f t h e o t h e r t w o s e c t i o n s , t h e o u t p u t o f t h i s mi 11 f i r s t f a i 1 s d r a s t i c a l l y a t t h e 
^ g i n n i n g o f P e r i o d 1 1 ! , i t t h e n r e c o v e r s s l o w l y t o i t s f o r m e r maximum l e v e l , t h e n r e c o v e r s 
l o w l y t o i t s f o r m e r l e v e l f o r a n o t h e r t h r e e y e a r s o n l y t o t h e n f a l l d r a s t i c a l l y a g a i n a t , 
i e e n d o f t h e P e r i o d . -, 
At this point it is useful to ask -what conclusions can be drawn from this description of 
e growth in output in the three productive sections of the Rosario plant? 
Several conclusions seem possible. In the first place is it useful to see what is common to 
d what is different in the three periods. The table on the next page collates - for all three pro-
ctive sections - the information concerning the initial, accumulated, average and peak out-
ts in each period as well as the increases in peak outputs achieved during, each period. It 
n be seen from the Table that the peak annual output levels and the average annual output 
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Output Comparisons for Three Periods in the Evolution of 
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Notes to the Table 
* The first 6 months of 1951 have been excluded from the analysis. 
1. This is given by taking the difference between peak production in the period and benchmark 
figure formed by either (i) the output in the first year of the period, or (ii) the peak 
production figure for the previous period, whichever of these latter two is the higher 
figure. 
2. The % figures refer to simple interest increases, not compound interest. 
3. The benchmark figure referred to here is the same as in note 1 above. 
4. These figures will be disregarded since the benchmark figure certainly represents a point 
early in the start-up of the Bar and Profile Mill, and this is artificially low. 
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levels increase in each succeeding period in all three productive sections of the plant. In other 
words there is l_tc_ndency_l-o 1 IS J? ^  2.U-L jevejsjhr^ghout I ' f f JpL th^& I^L i P . -
all three productive sections However, within this overall growth tendency one notices that 
the rates of output growth differ sharply as between the three productive sections. These differences 
in growth rates are best illustrated by the figures in the Table which refer to the average annual 
growth in the 'peak' production levels in Sach period. These figures indicate the growth achieved 
in the maximum output levels which each section became capable of producing. If we leave out of 
account the start-up phases (and we shall here count the whole of Period I for the Bar and Profile 
mill as a start-up phase), then the table shows that the output growth rates in the plant were: 
Ingot-casting section I % per annum in Period ! 
4 . 3 % per annum in Period IS - ' 
10.9% per annum in Period. I l l 
Billet mill 3.2 % per annum in Period 1! 
10.2 % per annum in Period i l l 
Bar and Profile mill 0,3 % per annum in Period M . .. 
. . . . 5.1 % per annum in Period l l l i ! ' ' - " ' 
The differences between each section emerge clearly in these figures. Furthermore, one 
notes how the whole of Period III represents a period of far more rapid growth in output that Period II. 
What further conclusions can we draw from this foregoing examination of the growth in 
output levels? We have already seen that a) there has been an overall growth process throughout 
the life of the plant, and that b) this growth has been uneven as between periods of time and as 
between sections of the plant. An important further conclusion related to these first two is that 
there seem to be no indication in the growth pattern of output in the Rosario plant that any kind of 
"equilibrium point", "optimum output level" or 3optimum degree of balance between the sections3 
having ever been reached. On the contrary, the growth process itself seems permanently to generate 
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new imbalances as it proceeds, and no plant or output configuration is ever the 'final' one ( l ) . 
The implication is that there are always opportunities for changes to be made in the configuration 
which wil l optimise inherent potentials in the plant which are at any given moment subutilized, (2) 
a point which is obviously relevant to our study of technical change in the Rosario plant, since it 
bears on S u c h matters as the.1 potential field1 of technical changes that was avai labie to the plaHt's 
engineers at distinct motaenfS in the plant's evolution and on the question bf the possible "saturation" 
of the opportunities for incremental technical chdrige whifih has been raised as a hypothesis by 
Hollander and other authors (3). 
(1)This important point was suggested to us by the reading of Edith Penrose's outstanding book 
This Theory of the Growth of the Firm Basil Blackwell, Oxford, 1959. Penrose identifies "forces 
inherent in the nature of firms which at the same time create the possibilities for, provide the 
inducements to, and limit the amount of the expansion they can undertake or even plan to 
undertake in any given period of timef She then goes on to show that "this limit is by its 
nature temporary, that in the very process of expansion the limit recedes, and that after the 
completion of an optimum plan for expansion a new 'disequilibrium' has been created in which 
a firm has new inducements to expand further even i f all external conditions (including the 
conditions of demand and supply) have remained unchanged." In our view many of Penrose's 
points apply to the growth of plants as well as to the growth of firms. 
(2) According to Penrose, op.cit. , there wi l l always beBa pool of unused productive services, re-
sources and special knowledge within a firm which will act as an incentive for the firm to ex-
pand in order to use the productive services avai lable from its existing collection of resources 
. more profitably than they are being used.* The permanent existence of this "pool" of unused 
potential is guaranteed according to Penrose because of a) the indivisibilities of resources 
(i.e. the imbalance! problem once again), b) °the fact that the same resources can be used 
differently under different circumstances", and c) "because in the ordinary processes of oper-
ation and expansion new productive services are continually being created". 
(3) In Hollander's view " i t should be recognized that there is probably a limit to the potential 
effectiveness of alterations to existing facilities. Ultimately the opportunities may be exhausted 
without some intervening major outlay®. In support of this view he cites the results of his study 
which showed that " in the plants under investigation, the most striking stream of minor technical 
changes were introduced during the first 10 to 15 years after the construction of a new type 
plant". S. Hollander, op.cit. p.203. 
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It can be seen that all these conclusions we have drawn so far relate to the fact that the 
process of output evolution in the Rosario plant is a growth process. - one which proceeds at 
different rates in different time periods and with a changing balance between plant sections, and 
v/hich has no evident equilibrium or optimum point towards which it tends. 
The importance of these conclusions, for this study, resides in the fact that any such 
growth process is bound to have had powerful effects in stimulating and requiring technical changes 
in the plant. Or, to put it another way, we would expect a plant (or section of a plant) which 
does not have, for whatever reason, a growth-of-output objective, to exhibit a very different pat-
tern of technical change to a plant (or section) which does have such an objective. At first sight, 
this point seems so obvious as to seem scarcely worth mentioning - yet it does seem to have been 
systematically ignored by economic texts which have tended to regard technical change exclusively 
as progress in reducing unit costs at given levels of output, tit1' ignoring the important aspect of 
technical change who.ss objective is precisely to generate increasing outputs from basically given 
technology. 
When one considers that tho increase:, in output which have occurred in the three sections of 
the Rosario plant have amounted to between ] hot and 600% °ver the lifetime of the plant, as 
compared to the original output capacity of these sections, then it becomes clear that the phe-
norasna-n of output growth is a central aspect in the overall evolution of the plant which requires 
to be taken into account. When it is further realised, as we shall demonstrate later in thJs 
chapter, that most of this growth of output cannot be explained by Scale Multiplying changes, 
but was a result of Technical changes, then it becomes clear that the generating of more output 
from existing machinery is an exceedingly important management objective which deserves detailed 
? rid ' ' 
^tiidynalong with the more familiar objective of reducing the u.iit costs of output. , 
:;."v v wop -
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This concludes, for the present, our exposition and analysis of the growth in output levels 
in the Rosario plant. Inevitably the analysis has left questions unanswered but it has been useful in 
illustrating the overall growth ponlext in which the plant has evolved. 
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"he objectives_under[yin9 l4ie if1 troduct to n_o f technical chan.ges_in the_Rosario 
in the text of the previous topic v/e drew attention to the fact that the evolution of the 
iosario plant involved a marked process of growth, but we were not able to draw significant con-
> 
;lusions about the different kinds of technical changes involved in the plant's evolution (other 
han the obvious conclusion that technical changes which contribute to growth in output must have 
seen Very important). We know, however, that technical changes in the plant have pursued other 
abjectives cs well. Therefore, in this present section, v/e propose to explore what different kinds of 
Dbjectives have inspired the introduction of technical changes in the Rosario piant. 
To throw iight on this question we have used some useful data contained in the set of 
Acindar Annual Reports. These reports, which ere designed for distribution to shareholders and 
possible investors, are basically financial documents, but they contain a certain amount of tech-
nical information about the company's plants, atj J the new investments and changes made in them. 
In the case of the Rosario plant, the set of Annual Reports contain brief data on altogether 30 
different technical changes which were introduced in the plant, plus the rensons for their intro-
duction. The criteria for mentioning these 30 changes (plus various additions of duplicate capacity 
in the plant which we shall not analyse here) appear to have involved picking out these changes 
of greatest economic significance to the plant in each annual accounting period. The use v/e have 
made of this data is to analyse these 30 1 *.r,portantl technical changes according to the reasons 
given for their introduction. The results of this analysis are shown in the table overleaf. 
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Reasons given for introducing 
techr.'cjI chgnggs 
1. To increase production capacity 
2. To improve product quality 
3. To reduce un it-costs 
4 To introduce new products 





8 (ana lys is of s ingle \ reasons) 
I. and a 
1. and 2. and 3. 
2. and a 
3 (analysis of multiple reas6(u, 
2 when more than one was cited), 
1 
The y c W of this table is principally illustrative rather than quantitative - because the 
selection criteria which created this sample of 30 technical changes were not designed with 
quantitative analysis in mind. Nevertheless, the table is useful, and some comments are in order. 
The most striking point to emerge is the high frequency o f ' production capacity increase1 
amongst the objectives for introducing technical changes. In fact, as we shall see later, the effort 
to increase the capacity of the existing installations has been the dominating theme of technical 
change both in the steelmaking operations of the Rosario plant and in the Billet mill throughout much 
of the life of the plant. It has also been an important, though not so dominant theme in the evolu-
tion of the Bar and Profile mill. The frequency of technical change directed at raising production 
capacity is consistent with our observations in the previous section about the notable growth in 
output experienced by the plant. 
The second most frequently cited purpose for technical change - as per the above table -
was to improve product quality. 
Third in the table comes the objective of reducing unit costs of production. However, this 
should not be taken to signify that the reduction of unit costs is of only minor importance in the 
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osario plant. Far from it. In the first place virtually all the capacity increasing technical changes 
loted in the table wi l l have been simultaneously intended to reduce unit-costs (via the reduced unit 
overhead costs obtainable by spreading fixed costs over a large volume of production). In the 
econd place this sample of important technical changes cited in the Acindar Annual Reports is 
lot necessarily representative, so far 05'the analysis of their objectives are concerned, of the 
>ersistent stream of 'minor1 technical changes which are documented in considerable detail in 
ome of theRosario 'Plant Reports' and which appear to be connected with high frequency to the 
>bjective of reducing unit costs. (These 'minor' technical changes are examined later on in this 
ection ). Finally, it 'is.worth mentioning that Senior Personnel in the Rosario plant explain that 
hey are under "constant, continuing pressure" from Acindar'.s top management to "drive costs down" 
Thus, our emphasis on the existence of other objectives for technical change in the Rosario plant 
is not intended to downplay the importance of the cost-reducing objective but rather to put it in 
perspective. 
The fourth most frequently mentioned objective for the execution of the technical changes 
mentioned in the Annual Reports, wcs diversification into new product lines. 
Finally, in the Table comes the objective of reacting to deteriorations in input quality (1). 
(1) If is important here to emphasize the word "react". The point is that plant menagement wi l l 
often deliberately seek to alter the quality or mix of some of the raw material inputs in order to 
reduce unit costs, improve product quality or increase production capacity. However, this 
situation did not apply in the cases referred to in the table. Here the Rosario plant was faced 
by a declining availability of scrap of the quality and mix required. In such cases, plant 
management does not'hare the choice between continuing to use the previous input mix and 
;; :ality or changing to a new one. They only have a choice betvreen accepting a declining 
s mix and qeality or doing something about it through technical change. • < 
Obviously, therefore, one can see that impofftm^tedmteaichanges in the Rosario 
plant have been directed at several distinct objectives. 
Furthermore, the second part of the table demonstrates the important point that some of 
the technical changes have been specifically aimed at more than one objective simultaneously. 
In fact this part of the table certainly understates the extent to which the 30 tedwieal changes 
have actually affected various output and performance parameters simultaneously - for while 
there is often one main objective which constitutes the basic motivation for introducing a tech-
nical change, the actual carrying out of the change wi l l very often cause other output or 
performance parameters to shift, besides the principal parameter which it was initially intended 
to change, (e.g. a capacity increasing change very often produces a unit-cost reduction, a 
product quality improving change may increase unit costs, changes in product mix may alter 
output'capacity, etc.) t o the extent that the various different impacts of the some technical 
change can be foreseen, they wi l l of course affect the ok-ante judgement on the specification an 
potential profitability of the proposed technical change (1}. 
0 ) A good example/o? a recent multipurpose technical change carried out in the plant was the 
expansion and reform of the Bar and Profile mill carried out in two stages in 1971 and 1973. 
the objectives for the proposed change, as established at the planning stage were: a) to 
increase the production of the mill by 50,000 tons a year (Main objective, capacity increase); 
b) to effect the transformation of the mil! with an interruption of production lasting no longer 
than 15 days (reduction of the cost of the technical change); c) To incorporate the rolling of 
semi-alloy forging steels for the automobile industry (production diversification); d) to 
design the new mill taking into ae-count a future expansion consisting in the installation of a 
continuous finishing mill for the production of semi-a Hoy round ban; of dimension 0 6 mm to 
0 10 mm, (provision for future product diversification); e) to make use of equipment available 
in the company such as large electric motors, gear boxes, flywheels, mill stands, work-tables, 
etc. so cs to make possible the implementation of the project in the shortest possible time (re-
duction of uncertainty stemming from time-lag in project implementation); f) to lower the 
consumption of combustibles per tori produced (unit cost reduction); g) to reduce the percentaj 
o? losses (unit cost reduction); h) to reduce the work force (unit cost reduction); i) to attempl 
to take into account the possible future rolling of rapid and .special steels instead of the forged 
steeb (provision for foture product dsvo^iticaiio«); j) to diminish the downtime of the mill 
required by changes from one dimension to another in the production programme (capacity .in-
c.*«ase); h) to augment the c?os3-sectional dimensions of the inputs to the mill (capacity in-
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In summary, we have seen to far how i) important technical changes in the Rosario plant 
have been directed at several different main objectives, ii) that some of these technical changes 
have been directed at more than one objective simultaneously, i i i) that many of these changes will 
in fact have had a wider immediate impact than on merely the particular parameter which the change 
was most intended to affect ( 1). 
Some important implications both for this present study and for other steelplant studies 
arise from these findings. 
The key implication is that we shall have to modify the attractive (and often useful) idea 
that technical change in plants can be measured 'unidimensionally1 by examining the progress of 
unit costs. As a corollary to this, we wil l have to be sceptical about the concept that the 
"technical efficiency" of a productive unit can be described by reference to its input requirements 
crease); (Source: Oscar R. Amorini 'Remodelación del tren de laminación de perfiles pequeños 
y livianos1 in Laminación, Tecnología, Equipos, Productos' published by ILAFA, Santiago de 
Chile I97Ó. The comments in brackets are ours). 
(l) Furthermore of secondary, delayed, impacts of technical changes are taken into account then 
practically no technical «.hange can be evaluated only in terms of its immediate effect on just 
one performance parameter. This position has been interestingly expressed by William S. Pierce, 
The Ripple Effects of Technological Innovation: The Case of Iron Ore Pelletizing, Omega, 
Vol. 2, No. 1, 1974, who points out that "When a single innovation is adopted within an 
existing system of production it sets up pressures and opens opportunities for successive "ripples" 
of change in other parts of the system . Such pressures may be manifest in successive bottlenecks 
at different stages of production as management strives to realize the full potential of an inno-
vation. Alternatively, the adoption of an innovation at one stage of the process may impose 
more severe requirements for quality and uniformity on earlier stages. As a third, and more 
favourable possibility, the initial innovation may create or unbPck a variety of possibilities for 
profitable change at other points in the production process or,.equally important, obviate the 
necessity for costly or difficult adjustments that would otherwise be necessary". 
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per unit of output compared to some theoretfcerfty constructed "efficient production function* ( V] 
The reason we cannot be satisfied with this unidimensional approach is that the empirical evi-
dence about technical changes in the Rosario plant shows plainly how technical changes have / 
been directed to many other objectives besides unit cost reduction - and this immediately suggest! 
that, for the Rosario plant, it was more •efficient'1 to apply its "technical change effort" to 
changing several parameters of plant output and performance rather than just aiming to reduce the 
unit costs of its existing products. 
This whole argument can be pushed further. Suppose that we profile the distribution of th 
technical change effort in a plant in terms of the percentage of the investment funds dedicated to 
eoch one of the various objectives of technical change which we have come across, e.g. X% 
dedicated to unit cost reduction, Y% to product quality improvement, Z % to changing the 
product mix, etc., then there is every reason to believe that different plants wil l have different 
X Y Z profiles, depending on their particular circumstances, as well as on the influence on the 
choice of'technical change strategy1 exorted by the plant's management. Each plant's X Y Z 
(1) The concept of the "technical efficiency* of a productive unit was put forward by Farrell in 
1957, and is described in S. Eilan, B. Gold and J. Soesan, Applied Productivity Ana lysis for 
Industry, Pergamon Press, 1976, p.12, as follows: "Suppose a production system produces a 
single output from two inputs; the locus of all points of the most efficient way or producing 
a given output from combinations of the two inputs is called the "efficient production func-
tion" and is shown as line EBE1 in Fig. 1.3. Al l points on this curve are said to be equally ¿ef-
ficient, while point A is said to be less efficient, since it requires more inputs than, say,, 
point B for the production of the same output. The ratio OB/OA may then be regarded as a 
quantitative measure of the efficiency of a system operating at point A." 
Input 1 E 
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profile may also bd expected to evolve over time as previous technical changes are digested and 
as new pressures and opportunities for technical change arise, Hsnce it is easy to see that even 
two plants which start off identical are likely to grow a parr - as different external circumstances 
and different internal pressures and preferences wil l generate different " X Y Z profiler" of technical 
change in each plant (!)•, Each 'round' of technical change is then likely to differentiate the 
plants sti l l further from each other and it is perfectly possible ro imagine that after several 
'rounds' of technical chancs the fir;:t plant might be notably closer to the "efficient production 
function" than the second (where this production function refers to input requirements per unit 
of the original output), while the second plant has concentrated on diversifying its product line 
and may be a far greater economic success than the first plant.' 
• This argument shown that we v/i'! need to consider carefully the question of how to measure 
the 'technical change effort1 in steel plan':), and how to devise valid methods of comparison 
between'the 'technical change effort' in one s'eelplant and that in another given the reality that 
ths objectives of technical change may be multiple and that each particular steel plant is likely 
to ..have been .pursuing, a distinct ••combination of these objectives. 
( ] ) In practice^ as Kate has pointed out, it is most unlikely thaiv two plants ever even start out 
identical. Different' local conditions -in terms of sito, raw materials, markets, labout skil ls, 
product performance criteria> etc. civ/ax's require some adaptations of construction, process 
• and product design, even if the Mention is to make one plant an exact copy of another. Tjius 
'identical' plants are already differentiated before their start-up. See J. Katz Creaci6n cie Tej r 
nologfa en el Sector Manure crurero Argentino , Grupo BID/CEPAL, Monog rafia de Trabajo 
No. 1 , Cci'AL/BA^tOO/ TO de mayo de 1976, pages 6 to 8. 
In this case study, thewnfftfeuMon we can^iake in this direction is basically to report 
as accurately as possible on the multi-dtm@fmomi nature of the technical change process in the 
Rosario plant. In the process, we hope to discover which measures of technical change appear t 
be useful in describing the»process in Rosario, and these measures should, in turn, be suggestive 
of the measures that could be useful in other steel plants where similarly diverse objectives for ' 
technical change prevail. 
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Changes_in_ the^  oujpui-jfmx^ produced byj'hej^osarjojjjant 
The next topic to be explored is how the output-mix produced by the Rosario plant has 
evolved in the period 1943 to 1976. We touched on th is topic earlier when we pointed out that 
one of the most significant aspects of the oyerali evolution of the plant has been the growth in 
the 'sophistication' of the product mix which it produces. For example whereas the plant'started 
out in 1943 producing plain mild steel reinforcing bars, plus small quantities of square section 
bars - the end products produced by the plant today include three different .basic varietes of 
reinforcing bars,.plus a range of-profiles and a range of forging bars. Also, whereas the plant 
in 1943 produced only common grades of steel, the steelmaking units of the plant today are 
capable of producing a wide range ot steel grades including high carbon and even alloy steel 
grades. Finally, so far as billets are concerned, whereas the plant in 1943 did not produce 
these at allv today the plant's billet mill is equ ipped to roll billets (and blooms and slabs) in 
many different dimensional sizes and in <a wide range o f steel grades. 
These exramples are sufficient to give a broad idea ai the importance of the changes in 
output-mix in the evolution of the Rosario plant. Our purpose now wil l be to explore this phe-
nomenon of changes in. the output-mix of the plant in m ore depth, to see what connections we 
can trace between these output- mix changes and technical changes. 
The evidence which we are able to draw on about changes in output-mix relates, f irst, 
to+be various end-products of the bar and profile mill; second, to the products of the billet 
mill (essentially billets); and third, to tfie end-products of the steelmaking operations of the 
plant..(ingots). So far as the end-products of the bar and profile mill are concerned, we have 
tpf useful information about changes in*the 'basic' product mix of the mill (i.e. about changes 
involving the production of new classes of products on the mill and about shifts in the propor-
tions by weight of the various classes of products produced). 
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In the case of Ingot output, we have information on changes in the proportion of common 
steel grades to special steel grades produced, and some information about changes in the dimen-
sions of ingots produced. 
In the case of billet output, we have some limited information mainly about dimensional 
changes. 
Finally, to help in fhe interpretation of the relation between these output-mix changes 
and technical changes, we are able td draw on our information concerning technical changes 
introduced into the steelmaking operations, billet mill, and bar and profile mill. 
We rtbW l&fesbiit and discuss all this eViden^: 
i; «¿kargeajR tfie b^y^gfjHgJferJjJdJwfikjpjl]: 
To start with we shall examine the changes in the product-mix that have occured in the 
Bar and Profile mi l l . In particular we shall be concerned with the changes in the 'basic1 
product-mix - that is, with changes in the percentage by weight of each of the different classes 
of product defined only in terms of their oasic shape and function. By contrast, we shall noi^  
here be exploring the changes in the steel- grade product-mix and in the dimensional product mix 
for each different class of product produced on the mill- Thus the remarks that follow relate only 
to changes in the mill's basic product mix. It turns out that the changes in the Bar and Profile 
mill's basic product mix constitute an extremely interesting story of product diversification. 
The mill started off in 1943 producing practically 100% of £>lain [ejnforcing^barSj plus 
small quantities of square bars. The first significant diversification came in 1948, v/hen a further 
five 'stands' were added to the mill so that it could produce wire rod in addition to reinforcing 
bars. (This wire rod was then processed in the plant on newly installed wire-drawing machinery 
or nail-making machinery into either wire or nails). Also prior to 1950 small quantities of round 
foundry bars_ were added to the product mix. Then, in 1951, when production started up in Acindar' 
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new plant ¡n Villa Constitución, the production of many of the dimensions of reinforcing bars 
and wire rod was shifted from the Rosario plant to the new plant, leaving the Rosario plant pro-
ducing only relatively low tonnages of the product that remained. This situation helped motivate 
thè further diversifications made by the mill in the early 1950s into the production of industrja[ 
ro.und bars_ (started prior to 1954-55) and into the production of £rofijes (as from 1955-56). Two 
years later, in 1957-58 a new type of reinforcing bars, ^ridged"_re in fore ¡ng_bars were added to the 
product mix alongside- the plain reinforcing bars, and in 1967-68, the production of the even more 
sophisticated ^ribbecP_ reinforcing. barS w a s begun (using an Acindar patented rib design). (The 
production of wire-rod, meanwhile, had been withdrawn from the product mix). By the late 
sixties, therefore, the product mix produced by the Bar and Profile mill involved plain, ridged 
and ribbed reinforcing bars, profiles (mainly angles and L-shapes, and foundry and industrial 
round bars). This product mix was maintained until approximately 1972-73. In that year - which 
for reasons we shall examine later, involved a drastic drop in the output leve I of the mi l l - , the 
product mix was substantially altered. A new diversification was carried out, into the production 
of special forging bars and billets for the automobile industry, and the production of foundry and 
industrial bars was dropped. Finally, it is worth mentioning that a further, future diversification 
is planned for the mill which would adapt the mill to incorporate the production of semi-alloy 
round bars of diameters $ 6mm to $ 10 mm into its product mix. 
This evidently represents an extensive and continued history of product diversification 
throughout the life of the mill, indeed it can be deduced from our above description that no less 
than 14 different classes of products have been produced on the Bar and Profile mill since 1943 (0 
and that the average rate of launch of classes of new products by the mill has been approximately 
(I) We calculate this.figure of 14 products on the basis that the mill has produced at least 4 
kindsgf profiles (angles, L-shapes, T-shapes, U-shapes) and at least 3 kinds of ribbed bars (À 60, 
Criss-cross, A 60 modified). 
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one_class of_new_product everyJwo_years. (Furthermore, within each class of product, one must 
remember that the mill has produced various different' dimensions and grades). 
T h u s .diversification is evidently a central feature in the evolution of the Bar a nd Profile 
mill and raises rridriy issues of interest for our study. We shall now briefly deal with two. The 
first issue that particularly interests us here is —what has been the role and extent of technical 
changes in bringing about these successive product diversifications? 
The second issue is -what are the factors that have led to this pattern of product dtVersifi 
cation? Wfe shall now comment briefly on both issues. 
So far as the first issue is Concerned i.e. cldMfying the contribution of technical change 
to the successive product diversifications, we can note that the launching of each_ new class of 
product produced by the mill has necessarily involved certain kinds of technical changes. These 
include, at a minimum, (i) the design and fabrication of new rolling cylinders with new channel-
designs corresponding to the new class of product to be produced; and (ii) the development of a 
specific new 'standard operating technology' for producing the product, which involves such mat-
ters as determining the size and type of billet inputs, the temperature and timing of the passage 
through the reheat furnaces, and the particular rolling sequence involved. It also requires makinc 
whatever minor mechanical and equipment additions may be required for twisting, managing and 
guidi'ng the new product in its passage through the mill stands. 
Second, if we go beyond these technical changes, which must be carried out when any 
new product is produced by the mil l , we can note that some of the new products have also require 
substantial prior additions or modifications to the mill's basic equipment, i.e. they have required 
substantial investment. This was particularly the case for wire-rod, which required an extra block 
of five mill-stands to be installed/and for the production of forging bars, which required the 
building of two variable speed pre-finishing and finishing stands with special bearings and other 
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reatures designed to make for great precision in the rolling operation, Again, considerable addi-
tions to tha mill's basic equipment wil l be required if the proposed future diversification into the 
production of small diameter semi-alloy round bars is carried out. 
The conclusion is that whilst all the product diversifications have required investment in 
technical change, some of the diversifications have required only minor additions to the basic mill 
equipment, whereas others have needed substantia! investment in additional or new equipment. It 
is therefore clear that the pattern of ir<v_e£tment_m jpro^^Hdjvenji^jng te^!l'caljcj]anpe_ haa been 
highly variable throughout the life of the Bar and Profile mil l , even more variable than the rate of 
diversification itself. ' 
The second issue we take up here concerns the reasons leading to the observed pattern of 
diversification. There seem to ha-ve been ar teast two major factors involved, the first being . 
changesjnjjie, ctr^ cj_u_rs_o_f demand , end the second being the jn r j r - r^ la tJ^^ 
Rosalia gjers^ and jths E'2.nl:' 
The influence of changes in the structure of demand can be most clearly seen with regard 
to reinforcing bars. Originally the mill only produced plain reinforcing bars, but once ridged 
reinforcing bars had besn introduced into the Argentine market, the demand for plain reinforcing 
bars began to decline —since ridged reinforcing bars reduced the quantity of steel required to 
supply the required reinforcement properties, and therefore lowered the cost to the constructor. 
Later on, the same became true of certain kinds of ribbed reinforcing bars in particular applications. 
Hence, threatened with a decline in the demand for its 'classical' product - i.e. plain reinforcing 
bars, the Bar and Profile mill of the Rosario plant was able to maintain (and increase) its production-
levels by diversifying into the production of the subsiJiAjte _products_, i.e. ridged and ribbed reinfor-
cing bars. This process can be seen clearly in the chart opposite which shows the quantitative 
changes in the mill's product mix between the !3th Exercise (1954-55) and the 23th Exercise (1969-70). 
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In particular the chart clearly shows (a) the sharp fall over time in the percentage of plain 
reinforcing bars produced (88% to 20%); b) the notable rise in the percentage of ridged 
reinforcing bars produced (0% to 50%); c) the temporary substantial level of production 
which ribbed reinforcing bars achieved in the two years 1967-68 and 1968-69 (about 20%), 
CHANGES IN THE PRODUCT-MIX OF THE BAR AND PROFILE MILL 1954-55 TO 1969-70 
(The figures refer to the percentage by weight of each product-class 




13 14 15 16 17 18 19 20 21 22 23 24 25 26 
69-70 
27 28 
Smooth round bars 
fcr relnfqrsed % 88 76 66 79 73 65 67 68 35 38 40 43 . 36 28 19 20 
Ridged bars for 
reinforced: r . % 
concrete 
r ' 1 3 3 4 11 18 
• *»«» «aw 
16 22 25 21 26 25 50 
R ibbed bars for 
reinforced % 
concrete 
18 22 6 
Industrial and 
foundry roond % 
bars 
11 14 24 0 3 10 3 2 5 6 10 4 2 6 3 3 
Profiles - 10 10 13 21 21 26 19 42 41 28 27 41 19 31 21 
Square and rect-
angolar bars % 2 
Total of smooth, 
ridged and rib- % 
bed bars for rein 
forced concrete 
88 76 66 87 76 68 71 79 53 54 66 68 57 72 66 76 
These movements in the product mix for reinforcing bars basically reflect the growiog sophisti-
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catiori of the demand for reinforcing bars - to which the mill's program had to respond. (The 
chart reveals other information too -particularly about the r'ce in the importance of pro-
files in the product-mix which we shall comment on below.) . 
The other major factor which has clearly had a very great influence on the pattern 
and timing of product diversification in the bar and profile mill is the coming on stream 
of rolling capacity in the Acevedo plant. The Acevedo plant's first Morgan mill started up 
with a capacity of over 200.000 tons per annum in 1951. A major extension of this capacity 
to 365,000 tons per annum was added in 1961-62. Then a second Morgan mil l , specially 
for wire rod, was added in 1972-73. Ai l three of these massive 'increments' in Acindar 
rolling capacity rebounded on the Rosario bar and profile mil l , by making it profitable to 
transfer to the Acevedo plant the rolling of certain products that had previously been rolled in 
Rosario. The immediate result in each case was to leave the Bar and Profile mill with much 
of its capacity idle -as the reader can see by referring back to the graph showing the 
growth in the volume of output produced on the Bar and Profile mill. 
On two of the three occasions when this happened, the Rosario plant responded by 
diversifying the production of the &ar and Profile mill. When the Acevedo plant started up 
in 1951 the response of the Rosario plant was to diversify the Bar and Profile mill into 
profile production; then, after the 1961-62 capacity increment in the Acevedo plant, there 
appears to have been no diversifying response made (mainly, we think, for the lack of 
billets with which to feed the Bar and Profile mill), and finally in 1972-73 the response was / 
to diversify into the production of forging bars. 
The key point which can be deduced from this experience is that the technical changes 
made to permit product diversification on the Bar and Profile mill have.been important in 
permitting the mill to maintain itself as ^vjc^le^conomic_unU in the face of changes in 
the structure of demand and of changes in technology. (This latter involving competition due 
to the coming on stream of the Acevedo plant's continuous rolling mills which were capable 
of producing many of the Bar and Profile mill's products at lower cost). In other words, in 
fhe case of the Bar and Profile mill.y/e can interpret£ro^6t^jyerei^jn^^chnica| .change^ 
as an important tactic for ensuHrtg that the unit, when threatened by changing markets and 
rival technology, could broaden its product-mix to avoid becoming obsolete (1). 
2 . _ C h a n g e s j n _ t j ] ^ ^ ^ u t j ^ x _ o f j4ie ^te^maki_ng_section_ 
To examine changes in the output mm of the steelmaking section of the plant we will 
fix our attention on the output of ingots. The main changes involved over time are (a) 
changes in the dimensions of ingots produced, and (b) changes in the steel grades of ingots 
produced. 
( 
So far as changes in ingot dimensions are concerned, there was a major change from 
producing 150 kg. ingots (pre 1950) to producing 1 000 kg. ingots (post 1950). The practice 
today is to produce ingots of approximately 900 kg. A further change of some importance 
which took place in 1968-69 was to simplify the dimensional mix by removing 9 x 9 inch 
and 10 x 10 inch ingots from the production program, leaving only 1 1 x 1 1 inch ingots 
in the program 
The question we can nowask is -to what extent were technical changes involved in 
(1) A hint of this kind of possibility was given by Salter when he noted that "The devices 
of imperfect competition -product differentiation, advertising and the emphasis on quality 
rather than price- may be regarded as attempts to make the fixed capital equipment of 
the firm mobile, an attempt to produce in a market where the competition is less intense" 
-see Salter, op. cit., p. 93. In the case of the Roserio plant it is not nthe "devices of 
imperfect competition0 but technical changes to the^'fixed" equipment which permitted 
the equipment to produce ne"> products in more favourable competitive conditions. 
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ringing about these above mentioned changes in the simensional product mix? 
The answer is that technical changes were involved to a great extent. For example the 
hange over from 150 kg. to 1,000 kg ingots in 1950 involved shifting from an ingot casting 
ystem based on 'communicating channels' to a system of pouring the liquid steel directly into 
he mouths of much larger ingot moulds, (i.e. a technical change). For the slightly less 
eavy ingots produced today, there has been a further change to a new system of communi-
ating channels (1961-62). 
.On the other hand the dropping of the production of 9 x 9 inch and 10 x 10 inch ingots, 
annot be considered as a technical change. 
The reason is that the criterion for seeing whether a change in output-mix involves 
5chnical change or not is that the change must require the bringing into use of some new 
lethod, machine or technique not previously used in the plant. Once this new method, machine < 
r technique is established and its operation has become routinized -then any changes in 
utput-mix which result from using this new mwthod, machine or technique either_m^re often 
rJess_often are not considered as having been caused by technical change. Evidently, 
îen, the retiring-from-use of a method (such as in this case the use of 9 x 9 and 10 x 10 
iches ingot moulds) does not constitute a technical change. 
In -terms of thé reasons motivating the technical changes mentioned above it appears 
ïat the change from 150 to 1,000 kg. ingots was carried out so as to increase the end-
roduct rolling capacity of the plant (since the rolling of final products from billets made 
om 1,000 kg. ingots involves less down time and losses than rolling from 150 kg. ingots) 
v/hereas the second change, from 1,000 kg. to 900 kg. ingots, arose as a bye-product of 
muifaneous changes designed to improve ingot quality. Hence in these two cases the changes 
i dimensional output mix appear to have been merely steps towards -or bye-products of-
le fulfillment of othsr objectives. 
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N e x t , so far as changes in the "grades of steel produced are c o n c e r n e d , the f o l l o w i n g 
graph indicates how the production of 'specia l ' steêl grades has e v o l v e d over the years by com 
parison w i t h common steel grades. (These 'specia l ' steel grades refer mostly to carbon steels 
w i th grades from SAE 1017 to 1080 and also include a small f r ac t ion o f a I loy steels). 
,• - Y i A x s 
The graph shows that the product ion of special steels did not start unt i l 1 9 5 4 - 5 5 , then 
remained on a small scale for f ive years or so, then rose r a p i d l y to a p p r o x i m a t e l y ha l f of to ta l 
steel production in the years 1961-62 through to 1 9 6 8 - 6 9 , and f i n a l l y f e l l back to a low propor 
t ion of tota l steel output from 1 9 6 9 - 7 0 onwards. 
O nee a g a i n , our question is, to what ex tent do these changes in output mix re f l ec t I 
the inf luence of t echn ica l changes? The broad answer seems f a i r l y c lear . The main t e c h n i c a l 
changes wh ich were required to permit the output mix to inc lude a higher proportion of spocia 
steels, took place" earjy_ in the period of marked evo lu t ion o f the o u t p u t - m i x , s p e c i f i c a l l y 
between 1958 and 1962. The major changes were ( i ) the changeover from a c i d to basic refractc 
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lining in the Siemens Martin furnaces (1958-59); (ii) the introduction of automatic process con-
trols for regulating the furnaces (1960-61); (ii'i) the bringing into use of improved laboratory 
techniques (1960-61); and (iv) major improvements in the ingot-casting section (1960-61) -par-
ticularly in the switch from top-poured to bottom-poured ingots, which permitted the production 
of ingots of better surface and interna! quality, which was required particularly for the special 
steel grades. 
A l l of these changes required substantial investment, fcyjt once made, the output of 
special steels could be expanded without having to introduce further major technical changes. 
Indeed, after 1962, the only technical changes related to the steel grade output mix appear 
to have been mi_nor changes in operative methods and techniques of chemical analysis, as re-
quired from time to time in the production of small runs of different alloy steels, e.g. Chropio-
Nickel-Molybdenum steels after 1964, and Niobium steels in the period 1969-70. 
i f we enquire into the reasons motivating the changes in the steel grade output mix which 
we have been discussing, it appears that the 'proximate cause1 of the increase in the output of 
special steels in the sixties was the need of the Acevedo plant to receive much large quantities 
of steel billets from the Rosario plant than before, with a high proportion of these having to be 
of special steel grades because they were destined for rolling into such products as high-resistance 
wire, (The 'shift1 made by Acindar towards producing more products in special steel grades was 
j in turn attributed by plant staff to the start-up of Somisa's steelmaking units in 1961, which it was 
believed would flood the market with mild steel products). In any event what matters for our 
purposes here is that the Rosario plant's steelmaking units were faced by a demand for special -
j 
steels —and were able to meet this demand by carrying out technical chpnges to permit the Sie-
mens-Martin units, plus the ingot casting equipment to produce a morejdjyersified steel grade 
product mix, including special steels os /well as mild steels. Like in the Bar and Profile mil l , it 
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is clear thai- technical change permitted the steelmaking units to "break out" beyond pr-~ 
axistin;:; production lines, into new ones. 
T h e c h a n g e s w e h a v e n o t e d In t h e b i l l o t o r o d u c t - m i x consis t o f ( i ) c h a n g e s in t h e 
s t e e l g r a d e p r o d u c t - m i x ( i i ) c h a n g e s i n t h e d i m e n s i o n a l p r o d u c t m i x . We. s h a l l 
c o n s i d e r e a c h i n t u r n . 
The mix of different steel grades of billets oroduced on the Billet Mi l l has largely 
followed the mix of steel grades of the '-ncpts oroduced In the steel-makings section, 
since these ingots have always been the principal input to the Billet Mil l . Then, added 
to this mix of steel grades based on rolling the ingots from the ibsario Steelrraking section, 
the Billet Mi l l has often rolled small qu-antities of ingots or blooms of different ste^l grades 
from Acindar's Marathon plant, or from outside suppliers. 
Hence, the principal 'technical change' involved for the Billet Mi l l in introducing 
new grades of steel into its output-mix has been simply the change ofjnp^ts. However, _ 
each chancis in the steel .grade of ths inputs being rolled also requires some hat different 
operating conditions >'n the Billet Mi l l . Furthermore». the shift in the early .sixties to 
producing a higher proportion of special steel grades of billets, also led to technical 
changes ",n the Billet Mil l 's equipment aimed at improving product S^a'jjX-
Thus shifts to producing new. steel grades of billet in the Rosario plant required 
not only changes of inputs, but- also some specific changes of operative technique in 
each case, -and in addition some more general improvements to the Billet Mi l l 's basic 
equipment had to be made so as to ensure a sufficient quality of product. So, once again, 
we observe the crucial role of technical change in permitting product diversification. 
We now turn to examine changes in the dimensional product-mix of the billets produced 
>n the Billet Mil l . Here, there have been important changes. The basic trend over time has 
seen: 
a) to increase the average cross-section of the bit lists produced. 
b) to reduce the originally targe number of different cross-sectional measures of billets 
. produced, so as to concentrate most of billet production in a number of standard 
measures. 
The advantage of this trend of change in dimensional product-mix is that wider cross-
ection billets require fewer passes through the mill and can therefore be rolled in less time, 
whilst fewer billet measures implies less downtime for changing tli« rolling cylinders. Hence, 
he changes in the' dimensional output-mix over time in the Billet Mi l l have had the.basic.effect 
if Jt^ hs _capa_cjjy of the Billet Mi l l . 
The connection between these-changes in dimensional product-mix and technical changes 
s two fold: Firstly, there had to be concurrent technical changes in both the Morgan Mi l l of 
he Acevedo Plant and the Bar and Profile Mil! of the Rosario plant, which permitted these rol-
ing mills to acce£t_a' larger proportion or Billets of large cross-section. Secondly, modifica-
ions were needed in the Biiier Mi i i itself so as to strengthen the equipment so as to withstand 
he rougher treatment involved in rolling greater numbers of ingots of larger cross-sect ions. 
T h e p o i n t a b o u t t h e s e t e c h n i c a l c h a n g e s i s t h a t w h i 1 s t t h e i r i m m e d i a t e p u r p o s e i s t o 
i e r m i t a c h a n g e i n t h e d i m e n s i o n a l m i x o f b i 1 l e t s p r o d u c e d , t h e y a l s o r e s u l t i n i n c r e a s i n g t h e 
sroductive capacity of the billet milt - and there is yet a further effect in that the u:e of wider 
iross-section billets in the final rolling mills also increases {he production capacity of these 
otter milk, ihus changes in the dimensional mix of billets produced can renlly.be viewed 03 
i technique for increasing billet production capacity and end-product production capacity. 
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W e f i n a l l y t ake a br ief look a t the reasons lead ing to these a b o v e - m e n t i o n e d changes 
in the output mix o f the b i l l e t m i l l . W i t h o u t doubt the changing requirements of the A c e v e d o / 
plant stand out as the single most important factor . T h e chart o v e r l e a f shows how in 1961-62 
the Bi l let M i l l abrup t ly had to shift the m a j o r i t y o f its b i l l e t output to the A c e v e d o plant instead , 
o f sending it on the Bar and Profi le m i l ! o f the Rosario p l a n t , as it had done before . This is 
because the A c e v e d o p l a n t , ever since 1961-62 was short o f b i l le ts for its ro l l i ng operat ions. 
There fore , the Rosario plant was required to do its best to make up the d e f i c i t . This naturally-
led to a Qredf ihcent ive to increase its output of b i l le ts . Hence it was the requirements o f the 
Acevedo p l a n t , both for more bi l lete > and for bi l lets o f specia l steel grades, thdf m a i n l y m o t i - I 
va ted the t e c h n i c a l changes in the b i l l e t m i l l in the e a r l y sixties. T h e n , w h e n the need of the 
A c e v e d o plant for spec ia l steel b i l le ts from the Rosario p lant d e c l i n e d , the basic requirement 
for 'more bi l le ts ' (of common steel grades) remained. Thus it can be said that the B i l l e t m i l l 
has had an incent ive to increase its output o f b i l le ts e a c h year since 1961-62. 
The other source o f t echn ica l change in the B i l l e t m i l l has been the changing requ i rement 
o f the Bar and Prof i le m i l l . In par t icu lar we can ment ion that the 1972 -73 d ive rs i f i ca t ion of the 
lat ter into the product ion of forging-bars generated the need for a supply of 'Torging-bi l le ts from 
the b i l l e t m i l l . This in turn led to the deve lopment o f a specia l " d o u b l e - r o l l i n g " pract ice to 
convert the ingots (from the M a r a t h o n p lant ) first to blooms and then to b i l le ts on the B i l l e t m i l l . 
This can be considered as a product d ive rs i f i ca t ion made necessary a t the in termedia te products 
stage by a d ivers i f i ca t ion a t the f ina l products stage. 
The conclusions w e can der ive from the above e v i d e n c e - w h i c h appl ies both to the S t e o l -
mak ing section and B i l l e t m i l l , is that t e c h n i c a l changes w h i c h a f t e r the o u t p u t - m i x of i n t e r m e -
d i a t e products in the Rosario plant have been d i rec ted a t two ob jec t ives . First ly they have been 
d i rec ted towards f i n a j _ o u ^ ( e ° 9 « v i a producing d i f f e r e n t steel grades a t a sufficie 
ACEVEDO PLANT, BILLETS DESTINED FOR THE ROSARIO PLANT, AND END PRODUCTS PRODUCED DIRECTLY ON 
• T H E M i l I "<nm|iuii>f.»t.ui.i u n winikw 
o o 
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qua l i ty levé! whrsh could serve as the inputs tor the diversi f ied find 1.Outputs. Second they hove 
• • 1 • I 
been dlrôcfed to i n s r e c s i n g j s r o d ^ j ^ ^ c a p d c i r y , both that of the units themselves (e .g . Siemens 
Mar t in furnaces, B i l le t m i l l ) , and that of the productive capac i ty of the end product ro l l ing mil l ; 
to which the bi l lets go as inputs. . >•: v -
Sumrnar^ 
The ev idence presented on the change? in the output mix of the Bar and Prof i le m i l l , 
Bille.'; m i l l and Stc$ ¡making section o f the Rosario_plant shows that 
(1) Product d iversi f icat ion has been V e r y frequent in the history o f the Bar and Profi le m i l l , as 
a method tii hsspdftdîng to both demand chdhgôs and compet i t ive technology. Some 14 classes j 
of new prcduets have been produced on thîè mi l l throughout the last th i r ty three years — and 
the ab i l i t y to diversify into these new product lines has depended in every case on technica l 
cha 
nge. W h i l e the major i ty of the new classes of products have not required major investments j 
in new plant fac i l i t i es , a l l the diversif icat ions have required some investment plus the d e v e l o p -
ment of a new standard operat ing technology. In some cases, major investments in new e q u i p -
ment have been required. 
(2) Changes in the ouTput mix a t the intermediate products stage have also been v e r y signif icant, 
These changes consist in changes in the dimensional mix of the intermediate products produced, 
and changes in the steel grade mix. Associated w i t h this latter set o f changes are q u a l i t y 
improvement . The changes in the dimensional m i x , par t icu lar ly o f the bi l lets produced, have 
had the e f fec t (and were intended) to increase b i l l e t making c a p a c i t y , v /hich became urgent in 
the 1960s to make up for the.shortage of inputs to the ro l l ing mills of the A c e v e d o plant . The 
changes in steel grade product m i x , both of ingots and b i l l e ts , correspond to-providwg-xha'nged 
inputs.suitobie for the e / ^ ^ p t c d u c i j d j y e r ^ i f i w ^ i o n ^ being carr ied out e i ther by the A c e v e d o 
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lant or by the Bar and Prof i le m i l l o f the Rosario plant . T e c h n i c a l changes were required in 
le SteelmakiRg section and B i l le t m i l l for making these dimensional and s t e e l - g r a d e changes 
sssible - and in the case of the changes needed for producing more specia l steels in the steel -
a k i n g units substantial investments were required. 
i) W e noted that both changes in market demand and the three major increments in product ion 
apaeity in the A c e v e d o plant had been of decis ive importance in lead ing the Rosario plant to 
Iter its product -mix (both a t the end product and intermediate product stages) in the way,observed. 
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Data on the growth in product ion c a ^ c i t y ^ f Hie Rosario Plant ' 
So f a r , v/e have investigated the growth of the output l eve l of the three pr inc ipa l p lant 
sections and also the changes that have occurred in the output mix o f these three sectioris. 
H e r e , our in tent ion is to explore the changes that have taken p lace in the production 
capac i ty of these sections. 
To start w i t h w e make seme br ie f remarks on the subject of product ion c a p a c i t y and how 
I 
it is def ined. 
Then w e turn to an exp lora t ion of the growth in production c a p a c i t y of the th tee plant 
sections based on ev idence co l l ec ted from the Rosario plant reports, other company documents 
and interviews. The growth in the product ion c a p a c i t y of e a c h of the three sections is dea l t w i th 
in .turn, and the a t tempt is made to distinguish the sine of the contr ibut ion of t e c h n i c a l change t< 
this growth in c a p a c i t y and to ident i fy where possible the dist inct kinds of t e c h n i c a l changes tha 
have contr ibuted. 
F i n a l l y , once this 'evidence has been presented and discussed, w e comment on the f indÎ 
and relate them to some other contr ibutions in the economic l i terature concerning capac i ty - inere 
ir.g techn ica l changes. . 
Rcmcrks'on product ion capoc i ty and its d e f i n i t i o n 
The k e y concept involved in production c a p a c i t y figures is that they refer to estimates 
o f the quant i ty of speci f ied output (measured in suitable'unij-s) w h i c h can be produced by a 
specif ied industrial uni t (e .g. a m a c h i n e , a section o f a p l a n t , a who le p l a n t , e t c . ) in a 
specif ied t ime per iod , and under spec i f ied work ing conditions. 
The par t icu lar assumptions made about work ing conditions a re crucial to know if one 
wishes to make u:e of c a p a c i t y estimates e i ther for pred ic t ive purposes (to forecast w h a t the unii 
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I I I a c t u a l l y produce under the expec ted work ing condi t ions) , or for in terpret ive purposes ( i . e . 
compare successive c a p a c i t y figures across t ime or to compare a c t u a l production figures w i t h 
e capac i ty estimates to see what the causes of the d i f ferences w e r e . ) Q u i t e commonly , one 
>mes across ' t h e o r e t i c a l 1 c a p a c i t y measures where come f rank ly unrea l is t ic assumption has been 
nde about work ing condit ions - c.-ch as for instance, that machines w i l l be operat ing w i thou t 
ly stops for ma in tenance or repairs , or where a c t u a l bot t lenecks in complementary instal lat ions 
e ignored. H o w e v e r , it is pe r fec t l y possible to d e v e l o p , on the basis of past e x p e r i e n c e w i t h the 
irformanee of a product ion u n i t , and on the basis of the standard opera t ing pract ice deve loped 
r running the u n i t , reasonably accura te estimates of w h a t G o l d has c a l l s d the " p r a c t i c a l l y 
stainable c a p a c i t y a t present n rather than "sorr.e theore t i ca l maximum under temporary c o n -
tions or in the future" . ( I ) i ndeed , cs G o l d also points o u t , most p lant managements have had 
) It is useful to quote in fu l l tho passage of G o l d ' s from w h i c h this ex t rac t was taken. " I n t h e o r y , 
the precise measurement of product ive capac i ty can be made ex t reme ly d i f f i c u l t i f such efforts 
seek to en compass a l l kinds ov Imaginable but uncommon circumstances. The deve lopment of 
m a n a g e r i a l l y useful estimates o f p r a c t i c a l capac i ty , h o w e v e r , invo lve less forrnidabld d i f f i c u l t i e s 
than is commonly supposed. This is spec ia l l y true under the fo l low ing conditions: I. i f the 
measurement is focused on ind iv idua l plants rather than on. the economy at i.arge or on major 
segment o f it; 2 . if the measurement is focused on p r a c t i c a l l y sustainable c a p a c i t y a t present 
rather than on some t h e o r e t i c a l maximum under. temporary condit ions or in the future; 3. i f 
the estimate is made on the assumption that product design and q u a l i t y , operat ing processes, 
and the genera l character of inputs.remain unchanged; that the customary number o f shifts 
and the 'norma l ly a c c e p t a b l e length of work day and work w e e k a re re ta ined; and that a p p r o -
pr ia te standard a l lowances ere made for breakdowns, repairs and maintenance; 4. i f it is 
assumed that suf f ic ient l a b o u t , mater ia ls and other inputs are a v a i l a b l e . t o service the fu l l 
u t i l i z a t i o n o f present cap i ta ! fac i l i t i es ; and 5. i f it is assumed that product and factor pr ice 
adjustments are such as to press for the e f f i c i e n t u t i l i z a t i o n of a l l serv iceable resources. Such 
l imi tat ions are r e a d i l y a p p l i c a b l e to a w i d e range of product ive ac t i v i t i es . A n d if compl ied 
w i t h , they permit the est imat ion ov p r a c t i c a l l y sustainable product ive c a p a c i t y v / i th but moderate 
margins of uncertainty 5 1 . . . . " O f course, c a p a c i t y estimates w o u l d have to be modi f ied io a l l o w 
for any deviat ions from the condit ions listed above" . See Be!a G o l d 'P roduct ive ly M e a s u r e -
ment Problems and M e t h o d s ' , C h a p t e r 3 of S. E i l o n / Beia G o l d and J. Soesan, A p p l i e d 
Product iv i iy Analysis for Industry, Pergamon Press, O x f o r d 1976, pp 4 3 , 4 9 . 
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to deve lop such e s t h e t e s because they are needed for such matters as prodwetion p lann ing , and-; 
/ 
the est imation o f production and cost standards. In this sense the Rosario plant is no except ion , - , 
and its Industrial Engineer ing Depar tment has an impressive amount o f data on the current p r o - . 
duct ive c a p a c i t y of the plant 's units. 
W e a r e , h o w e v e r , interested in the historical growth of c a p a c i t y in the. Rcsario p lan t , 
and the data on this, par t icu la r ly going back before 1970, is e x t r e m e l y pa r t i a l and scattered abo 
W e have however managed, w i t h the a i d of various of the Rosario plant reports, and various 
other documents and ev idence from taped interviews to reconstruct some of the features of the 
growth of capac i ty wh ich has taken p lace in the Siemens M a r t i n furnaces, the B i l le t m i l l , and 
the Bar and Profi le m i l l , and to ex t rac t from this reconstruction some interesting conclusions abo 
techn ica l change. The w a y we have ca lcu la ted ' production c a p a c i t y ' for e a c h of the three 
sections , - a n d the l imitat ions of the da ta /are .explained in the course of the presentat ion .which 
follows: 
1 . G r o w t h in the production c a p a c i t y of the Siemens M a r t i n furnaces 
The Rosario plant today has three Siemens M a r t i n furnaces. The first was insta l led and j 
r 'started up in 1943, the second was instal led in 1949 a n j begun product ion in 1950, and the third 
f Dv/as installed and started up in 1963. 
These three furnaces are essent ia l ly ident ica l . The first was o r i g i n a l l y designed to proi 
0 a p p r o x i m a t e l y 2 5 tons of ingots per heat (batch) but was en larged in 1949 to equa l the second 
" 'furriace then be ing insta l led , w i t h a capac i ty to produce approx imate ly 35 tons of ingots per h 
Thé ' th i rd fu rnace , w h e n instal led in 1963 was designed w i t h the same load car ry ing c a p a c i t y as 
; ' " fKè other t w o , i . e . aga in approx imate ly 35 tons of ingots per heat . The dimensions and design c 
!'?!,itho furnaces, the refractor ies used in them, and p r a c t i c a l l y a l l the essential deta i ls as w e l l as t 
form of operat ing the furnaces can be considered as the same. 
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The fact that the three Siemens M a r t i n units can be considered the same and that they 
¡ave had the same t e c h n i c a l changes incorporated w i t h the passage o f t ime simpli f ies the problem 
/e haye to deal w i t h , since w e can work w i t h the average capac i ty per furnace throughout the w h o l e 
>eriod from 1943 to the present day rather than having to t rack the c a p a c i t y of each fyrnace 
epara te ly . 
W e now e x p l a i n a) some of the feature) of the d a t a , and b) the method w e have used to 
race the growth in the c a p a c i t y o f these Siemens M a r t i n units. 
The first point is that the data a v a i l a b l e to us does not conta in estimates for the changes 
n c a p a c i t y o f the Siemens M a r t i n furnaces from year to year in w h i c h a l l the re levant factors 
vhich w e v.;ould i d e a l l y l ike to be held constant , such as input q u a l i t y and product m i x , are 
actual ly held constant from year to year . 
Instead what w e have got is data about the ac tua l r e a l i z e d production of the furnaces in 
ons from year to year together w i t h the number of days for wh ich tho furnaces we re a c t u a l l y 
5perat ing, plus figures for the days not worked a t a i l , and figures for the number.of 'heats' o f steel 
produced per year . 
This data enables us to c a l c u l a t e for the Siemens M a r t i n furnaces what w e shall c a l l 
(•heir " a c t u a l l y r e a l i z e d capac i ty" under the par t icu lar work ing condit ions w h i c h preva i led dur ing 
fhe year in question. W e shall now e x p l a i n precisely what we mean by ' a c t u a l l y r e a l i z e d c a p a c i t y ' , 
and then w e shall e x p l a i n sc»io of the. problems Involved in mak ing use of the concept . 
To beg in w i t h , it is important to distinguish between i) the to ta l number of hours worked in 
any par t icular plant or sect ion c a l l e d the sect ional hours, and i i ) the number of hours during w h i c h 
the section's equipment is a c t u a l l y operating,, v.jhich w e shall c a l l operat ing hours. In any 
s izeab le period such as a year the Sect iona l hour* w i l l a lways e x c e e d the operat ing hours because 
of the t ime w h e n the machines are 'down 1 e i the r for planned ma in tenance and repairs or because 
o f unforeseeable breakdowns w h i c h are not considered part and parce l o f regular opera t ing p r a c -
t ice . Based on this d is t inct ion we can now def ine two ac tua l r e a l i z e d ' capac i ty 1 f igures: these 
are C^p f the a c t u a l r e a l i z e d production in tons o f product per operat ing hour, and C s e c 
the ac tua l r e a l i z e d product ion in tons of product per sect ional hour. 
The first obvious l im i ta t ion o f app ly ing these def in i t ions to historical production da ta so 
as to get estimates of h istor ical capac i ty is that they w i l l on ly be good indicators of the t h e n -
sustainable product ive c a p a c i t y of the units concerned (for the par t icu lar input mix used and 
product mix produced) i f it is assumed a ) that suf f ic ient labor , mater ia ls and other inputs w e r e 
a v a i l a b l e to service the fu l l u t i l i s a t i o n o f the units during a l l the operat ing days of the year in 
quest ion, and i f b) the number o f days in the year during w h i c h the units were down was 
not exaggerated by any unusual ly prolonged breakdowns nor sharply diminished compared to 
standard p r a c t i c e , for some specia l reason. In other words the disadvantage of using this method for 
estimating capac i ty is tha t . the estimate may be w a y o f f - b e a m i f specia l circumstances caused the • 
years production figures to be spec ia l ly h igh or. low compared to sustainable standard p r a c t i c e . 
The second problem w h i c h arises is that i f the input mix and product mix change apprec iab ly 
from year to year then the t ime series of C Q p and C s e c w i l l not on ly re f lec t any changes made 
in the performance of the units themselves or in the standard operat ing pract ice for the un i ts ,bu t 
w i l l also ref lect changes due to the changed input mix or product m i x , thus making any change 
in capac i ty more complex to interpret . 
For tunate ly , in the case of the steelmaking units o f the Rosario plant there is good reason 
to b e l i e v e that at least in the years fo l low ing 1961-62 e v e r y e f for t was made by plant management 
to f u l l y u t i l i z e the units and keep them serviced w i t h a l l the inputs they required ( I ) so tha t the 
figures for C Q p can be taken as accura te c a p a c i t y estimates. As for the problem of 'unusual ' 
( l ) T h e AnftuaI Reports for the period make constant ment ion o f the. str iving to increase the output o f 
these furnaces. 
- 108 - v 
rears so f a r as ma i n t e n a n c e is concerned- Vvhatwe can do is t o r e p o r t on t h e number o f days 
c tua l l y spent on this so as to see i f a n y par t icular year emerges as a n 'odd man out ' . Hence the 
irst l im i ta t ion ment ioned above in connect ion w i t h using ' a v e r a g e r e a l i z e d capaci ty ' estimates 
!o es not seem to peso big problems in our case. 
The second l im i ta t ion - i . e . the possibil i ty that var ia t ions from year to year in the input 
l ix and output mix o f the units w i l l make a time series of ' a v e r a g e r e a l i z e d capaci t ies ' d i f f i c o l t 
3 interpret - does pose a problem in the case of the Siemens M a r t i n furnaces. H o w e v e r , as w e 
ha l l see , the a v a i l a b i l i t y o f some data about the type o f var ia t ions exper ienced in input mix and 
utput mix does enab le the problem of interpretat ion to be m i t i g a t e d . 
Let us now turn to the da ta : the basic data from w h i c h the r e a l i z e d average c a p a c i t y 
igures are der ived is simply-
1. the .we ight in tons of tota l ingot production in the year in quest ion, (we w i l l represent this 
as ' G ' . ) 
2 . the number of Siemens M a r t i n furnaces operat ing dur ing this year , (we w i l l represent this 
as V . ) 
3. the number of operat ing days in the year i .e . 365 days less the average numoer of days 
when each furnace was not opera t ing through holidays or strikes ( 'H * ) less the t ime v/hen 
each furnace is down for genera l repair (*R* days ). W e w i l l therefore represent the 
average number of operat ing days per furnace as 365 - H - R. 
4. the number o f ' s e c t i o n a l ' days per year (365 - H) 
G i v e n that data is a v ? i l a b l e on Q , n , 3 6 5 - H - R , and H for several d i f fe rent years , 
lis enables us immedia te ly to c a l c u l a t e C Q p , the average r e a l i z e d capac i ty per fornace operat ing 
3ur and C s e c , the average r e a l i z e d c a p a c i t y per fornace sect ional hour , by mak ing use of the 
5 r m u i a e C ° P = n( 365 ° H - R ) x 2 4 ' G n d = n ( 3 6 5 ^ ) x 2 4 
The plant reports also conta in information on the to ta l number o f heats o f steel mo'.!? 
- 109 - v 
in e a c h year. This means that X , the average number of heats produced per furnace operat ing day 
can be c a l c u l a t e d , and thus the average w e i g h t o f ingots produced per d a y , W , can also be 
deduced. Ev ident ly C Q D = X . W , so the data on X and W w i l l enab le us to analyse 
" 2 4 
the extent to w h i c h each has contr ibuted to the observed increases in C op 
The date we have ccmpi led on a l l these var iables is d isplayed in the tab le on the next page 
The Tab le shows-that be tween i 9 4 4 and 1 9 7 2 - 7 3 , the r e a l i z e d output c a p a c i t y per furnace 
per sect ional hour, i .e . C S Q C , rone by approx imate ly 166% from 2 . 2 0 tons to 5 , 8 6 tons of ingots per 
sect ional hour. 
This was caused both by a 130% increase in the r e a l i z e d average output capac i ty per 
f u m a c e operat ing hour (which rose from 2 . 7 5 to 6 , 3 2 tons per opera t ing hour) coupled to a 
14% increase in the ' a v a i l a b i l i t y ' of the Siemens M a r t i n f o r n a c e s , ( w h i c h rose from 79% to 9 3 % 
measured in terms o f the rat io o f opera t iona l to sect ional hours). 
The Tab le also shovvr, that the g rea t ly increased average c a p a c i t y per furnace operat ing 
hour has been a c h i e v e d ma in ly by speeding up the cyc le o f opera t ion o f the Siemens M a r t i n f u r -
naces in various ways , a l though there has also been a contr ibut ion (at lecst in the years from 
1964 -65 to 1972 - 7 3 ) a c h i e v e d by increasing the average we igh t o f ingots that can be produced 
per heat ( i .e . by packing rr.ore tens or scrap into the furnaces). 
As for the increased a v a i l a b i l i t y o f the Siemens M a r t i n furnaces this has been due m a i n l y to 
the greater rap id i ty and w i t h w h i c h re pa ire and maintenance of the furnaces have been undertaken 
compared to e a r l i e r years. 
H o w e v e r , before concluding that a l l these important increases in c a p a c i t y have been 
caused by improvements made to the process machinery or operat ing procedures (wh ich is the 
natural conclusion) , w e must first be sure that the increases are not par t l y due to such matters as a 
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hangsd product mix or improved inputs. The problem.of changing product mix w e can dismiss 
31r!y q u i c k l y . The on ly change in product mix w h i c h can a f f e c t the capac i ty of the Siemens 
Martin furnaces is when special steels are produced instead of common steels. T o r make a heat 
f a specia l steel usual ly involves more care and s l ight ly more t ime a t the re f in ing stage o f the 
sactions. Thus the cyc le t>me may be s l ight ly longer - for instance by as much as h a l f an hour, 
n the case o f producing 100% special steels .instead o f 100% common steels, the c a p a c i t y per 
perat ing hour w o u l d , other things e q u a l , fa l l by approx imate ly 10 % . G i v e n the pat tern 
f evo lu t ion of the s tee l -g rade output mix o f ingots v /h ich w e ment ioned in the previous sec t ion , 
ny 'normal i za t ion 1 o f our c a p a c i t y figures to a n a l l - c o m m o n - s t e e l base would ma in ly have the 
•ffect of increasing the c a p a c i t y figures w e have quoted in the Tab le by be tween 5 and 10% in 
he case of the years 1960-61 to 1968-69 . This normal i za t ion would not a l t e r the basic pattern 
/e have observed in the t a b l e , a l though it might w e l l help to c l a r i f y the real re la t ion be tween 
urnace capac i t ies in two successive years when the figures in the tab le show that they are close 
ogether. -
r The problem of the changing q u a l i t y o f the raw mater ia l inputs is somewhat d i f f e ren t , 
he ch ie f point is that the average density of the scrap load to the s tee lmaking operat ions of the 
osario plant has shown a secular decrease be tw e en 1944 and 1 9 7 2 - 7 3 , and the q u a n t i t y o f various 
mpurities in the scrap has shown a secular increase. Both tendencies tend to reduce the q u a n t i t y of 
pgots that can be made from I ton o f scrap - and thus if we were to normal i ze our results as shown 
n the Tab le for the year to year var ia t ions (mostly decl ines) in scrap density and q u a l i t y , this would 
ave the e f f e c t of increasing the c a p a c i t y figures o f the more recent years w i t h respect to the 
a r l i e r years. By leav ing thè figures u n - n o r m a l i z t d (for lack of the data w i t h w h i c h to normal ize 
hem) we are in fact understating the impact o f the improvements tha t have been made in the 
PRODUCTION CAPACITY DATA FOR THE ROSARIO PLANT'S SIEMENS-MARTIN STEELHAKING FURNACES 1944 TO 1972-73 
/ 
Year/Period So. of furaaces ''Quantity of Ingots Total of hnato No. of days operated No, of days of noa- Average Ko. of dayc Maintenance Average No. of heata Average cycle Average veight of Rftalited. average Realized average 
operating produced during tha per year on average by each • producticn due to , of downtime per furoace . dovntine produced per furnace . tide pet; heae ingots produced capacity per capacity per sectional 
!, year furnace holidays and strilceo for general repair® per heat operating day per heat operating hour hour 
' a Q 365- H - R IT R X ? W Cop c tons tf.IVS dava davs hours hours ton* tonn/furnace hour tons/secri^al hour 
1S44 to 1949 1 v. ' 18,000 800 est 270 eat 20 esc 70 est(7> 2.0 cat 3.0 8 . 0 W e s t - 22 < 3> . . 2.75 2 . :o 
lSiO-61 2 56. COO - 317<65 - - - - - - 3.68 -
1S54-65 *> i, 93.235 3.661 27.4 7 30.6 0.60 3.73 6.43 25.46 3.95 3.62 
1555-56 3 9 7,.385 . 3,516 325.7 ' 13 26.3 0.54 3.60 6.67 27.69. 4.15 3.84 
1455-67 . 3. ' 97.511 3. <.88 331.3 7 26.7 0.54 3.50 6.86 27.95 4.08 3.78 
1557-43 ' 3 91,116 > 3.119 315.9 22.1- 0.51 3.29 . 7.29 23.84 4.00 3.74 
1S55-69 3 \ 118,3n 3.882 295.4 • 7 62.6 1.14 4.38 '• ' 5.48 30.50 5.57 4.59 
1555-70 3 ' 127,510 3.940 314,2 9 41.8 0;75 4.18 5.74 32.36 5.64 4.97 
1970-71 3 _ - _ _ - - • _ - -
1571-72 3 
! 
140,652 . 4,199 ( 34aC ' 312 M , . t 3 1 ™ e s t ' 22 eat . • " 0.39 • - . . 5.49 esc 33.5«'.st ' 6.26(1) 5.85 
1972-7} •3 140.135 1 ' - 308 ^ ' e » ' 33°'est 
24 esc - - 6.32 (1) 5.86 
J»s:e*: All figures «re either taken froa or ¿educed from data in the 1968-69 Plant Report unless otherwise indicated, ad per the notes below« 
(1) Scarcer 1972-73 Plant Report . 
(2) Ssurce: Intercal document", provided to the author by tha Chief of theRouario Plane'o Steelaaking Dept, Refer© to estinate nade in October 1971« 
' i ' (2) Base^ en dividing the quality produced in 1971-72 by the estimated average weight of ingots producwTper beat calculated froa source (,*)* 
(4) Sased on ¿iviwinj Q by 24 x the figure for C taken froa source (1)« 
(5) Eased on subtracting froa the cumbers of working days (taken froa source (1) the buabcr of operative days calculated aa per note (4), 
(6) The figure of 317 days £s>quoted in the 1960 plane report, 
(7) S a s e d on figure of 25 ¿ays per repair quoted in interview vith £ng«Pujalo the designer of the plant, and aaauaing 1 repair every 300 boato. 
(8) Escin»tea deriring froa interview with lag, Pujalfl. I1 •' 
(eac. signifies eati«ted figure) 
! 
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Siemens M a r t i n furnaces and the i r opera t i ve technology. A l s o , as in the cases o f changes in 
p roduct -mix , our not be ing ab le ro normalise our data for year to year f luctuat ions in input q u a l i t y 
means that w e cannot put much re l iance on the e x a c t re la t ion be tween Capacit ies in successive 
years when the figures are close together . 1 ^ \ 
In spite o f these l imi tat ions, the Tab le does nevertheless provide v a l u a b l e data about the 
development of the production c a p a c i t y o f the furnaces, and permits us to draw some interesting con' 
elusions about the contr ibut ion made by t e c h n i c a l change to causing this growth in c a p a c i t y . 
First o f a l l w e can make use o f the T a b i e to est imate the r e l a t i v e contr ibut ions made to 
increasing steelmaking c a p a c i t y by T e c h n i c a l Changes versus S c a l e - M u l t i p l y i n g changes. W e can 
do this by making some simple assumptions. These are: 
1) That the new Siemens M a r t i n furnace instal led in 1949 came into opera t ion w i t h C = 3 . 6 8 
(the average figure for C D p in 1960-61) „ This assumption is c e r t a i n l y overgenerous to the 
e f f i c i e n c y o f the nev/ ly instal led furnace but ensures that w e w i l l not overest imate the c o n -
t r ibut ion made by techn ica l change in improving it . 
2 ) That the further new Siemens M a r t i n furnace instal led in 1963 came into operat ion w i t h C 0 p = 3 .8 ( 
( in terpolat ing between the values of C in 1960-61 and 1964 -65 ) . r 
3) That a f ter its instal lat ion and start u p , a l l the improvements in C D p in e a c h furnace can be 
ascribed to Techn ica l change , but that the i n i t i a l increment to the w h o l e section's c a p a c i t y 
- — m a d e - b y each new furnace is ascribed to . .Sca le -mul t ip ly ing change. 
Using these assumptions, the c a l c u l a t i o n goes as fol lows: T h e . o v e r a l l improvement in the 
capac i ty per operat ing hour of the who le sect ion be tween 1944 and 1 9 7 2 - 7 3 was from 2 . 7 5 tons 
operat ing hour to 3 x 6 . 3 2 = | 8 .96 t o n i / o p e r a t i n g hour , i .e . the improvements was 16.21 ton^/operat i j 
hour , This improvement is composed of a ) the fo l lowing increments due to techn ica l changes -
- 112 -
. 5 7 tons /opera t ing hour on Furnace o n e , : 2 . 6 4 t o r V o p e r a t i n g hour on Furnace t w o , and 2 . 5 2 . . 
ans /operat ing hour on Furnace three, - making 8 . 7 3 ton$/operating hour improvement in to ta l due to 
echnica l change; and b) o f the f o l l o w i n g increments due to the insta l la t ion of new furnaces i .e . 
1.68 ton$ /opera t ing hour due to Fumace t w o , plus 3 . 8 0 ton$ /opera t ing hour due to furnace t h r e e , 
naking 7 .48 ton$ /opera t ing hour" in to ta l due to s c a l e - m u l t i p l y i n g change. 
W e therefore conclude that out o f the 16.21 tons /operat ing hour increase in the c a p a c i t y 
)f the whole steelmaking sect ion w h i c h took place between 1944 and 1 9 7 2 - 7 3 , 8 . 7 3 tons /opera t ing 
•fi" iiiihh«.^ !^ .^....'»!, i .i h —"•^~r-rrTiriiiiirr~T*-r—-r rrr 1 " •• •••-•• ' - - — • - • — — 1 1 ' " " " " 
tour o f the increase was due to T e c h n i c a l change and 7 .48 tons /opera t ing hour o f the increase was 
iue to Scale mu l t ip ly ing change. 
This shows that T e c h n i c a l changes have p layed the outstanding part in expand ing the o u t -
put c a p a c i t y per operat ing hour o f the steelmaking section - a c c o u n t i n g for 5 4 % o f the o v e r a l l 
increase in c a p a c i t y compared to 4 6 % due to S c a l e - m u l t i p l y i n g change. Furthermore i f w e w e r e to 
consider c a p a c i t y per sect ional hour , the ba lance would swing even further in favour o f T e c h n i c a l 
changes because of the e f f e c t of improved maintenance techniques in increasing furnace a v a i l a b i l i t y . 
A second use can be made o f the Table . This involves t ry ing to cor re la te w h a t the T a b l e 
shows about the q u a n t i t a t i v e growth in the production c a p a c i t y o f the s tee lmaking sect ion w i t h what 
has been learned about the ac tua l t e c h n i c a l changes in t roduced, as revea led from data in the Annua l 
Reports, Plant Reports and interv iews. 
Inspection of this la t ter da ta shows that the fo l lowing types of t echn ica l changes have a l l 
contr ibuted s ign i f icant ly to increasing the output capac i ty o f the Siemens M a r t i n furnaces: 
1. Changes designed to increase the useable physical volume o f the Siemens M a r t i n furnaces (e .g . 
reform o f the N o . 1 furnace in 1949). 
2 . C h a r.ges designed to increase the rate of charging of the scrap onto the hearth o f the furnaces 
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(e.g. bu i ld ing of shaft furnaces in 1949, so as to charge o n e - t h i r d of the load to the furnaces 
in the fonn of 'hot metal 1 ; improvements in the mechan isa t ion o f the sol id scrap sharging pr°~ 
cess, various dates; instal lat ion o f specia l scrap presses, in 1960-61 and 1 9 7 0 -71 to d e n s i fy the 
l ight scrap so as to increase the l o a d a b l e - t o n n a g e and loading rate) . 
3. Changes designed to speed the m e l t - d o w n of the scrap in the furnaces, (e .g . in t roduct ion 'o f hot 
r, m e t a l , 1949; re l in ing of the furnaces w i t h basic refractor ies, in 1 9 5 9 - 6 0 , permi t t ing the ins-
t a l l a t i o n of high power burners in 1961-62). 
4. Changes designed to increase the rate of the ref in ing reactions in the furnaces, (e .g . the i n -
troduction o f oxygen in ject ion into the bath in 1967-68) . 
5 . Changes designed to increase the ' a v a i l a b i l i t y ' of the furnaces by reducing the ' d o w n t ime' 
caused by routing maintenance and repairs, (e.g. the use o f improved re f rac tory bricks 
(various dates); the introduction o f prevent ive maintenance techniques in 1 9 6 4 - 6 5 and their 
in tensi f icat ion in the ear ly 1970's). 
• The first point to make is that t e c h n i c a l changes in Classes 2 , 3 and 4 a b o v e a re a l l 
designed to reduce the cyc le t ime per heat of the steel produced - and inspection o f the tab le 
shows that the reductions ach ieved In this c y c l e t ime account for the bulk o f the o v e r a l l c a p a c i t y 
improvement ach ieved . 
The second point w e can make concerns the very substantial impact on c a p a c i t y o f two 
indiv idual t echn ica l changes: the first o f these was the introduction of shaft furnaces in 1949. j 
W e a l ready know (from the ev idence of the growth in the leve l of output) that the changes made 
in 1949 fundamenta l ly the introduction o f the shaft furnaces - caused a v e r y b i g increase in furnac< 
capac i ty to take p lace in 1950 - probably as much as I ton per sect ional hour. A lso the tab le show 
that another very important increase took p lace in capac i ty in 1 9 6 7 - 6 8 , amount ing to approx imate 
los; 
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X 8 5 tops §?ct lona| hour - Whidli was apparent ly m a i h l y the result of the Introduct ion of bxygen 
inject ion. By c a l c u l a t i n g the impa t t of the&© t e c h n i c a l changes on the whole sect ion it can be 
;hown that about 4 0 % of the tota l increase in c a p a c i t y due to t e c h n i c a l change noted dur ing 
he ent i re period can be ascribed to just these two important t e c h n i c a l changes. The other 6 0 % 
eems to have been due to the cumula t ive e f fec t o f a l l the other t e c h n i c a l changes, such as 
nereased furnace v o l u m e , higher power burners, scrap d e n s i f y i n g , greater furnace a v a i l a b i l i t y , 
¡tc. Even if w e a l l o w for the considerable l imitat ions of our d a t a , and in par t icu lar for the 
>erturbing ef fects o f not hav ing been ab le to properly take into account the var ia t ions in scrap 
nput q u a l i t y , the f a r t remains that a v e r y s igni f icant proport ion o f the increased c a p a c i t y due to 
echnica l change was produced by on ly two important t e c h n i c a l changes. E q u a l l y , however , the 
ividence supports the not ion that the cumulat ive e f fec t of a l l the other techn ica l changes has been 
if greater impact than that o f the two most in f luent ia l changes. 
This completes our analysis o f changes in the product ive c a p a c i t y of the Rosario plant 's 
iemens M a r t i n units. Its m a i n results have been to demonstrate the major role p layed by t e c h n i c a l 
hange in br inging about the great increase in the plant 's s tee lmak ing capac i ty w h i c h occurred be tween 
e tween 1944 and 1972-73 . W e est imated that 5 4 % of the increase in capac i ty per operat ing hour 
as been produced by t e c h n i c a l changes as opposed to scale m u l t i p l y i n g changes. W e also r e -
iewed the d i f fe ren t kinds of t e c h n i c a l changes w h i c h contr ibuted to this increase, not ing the 
ar t icu lar importance of changes designed to reduce the c y c l e t ime per furnace heat . F i n a l l y 
pe noted that on ly two t e c h n i c a l changes seemed to account for about 4 0 % of the tota l increase of 
opac i ty due to t e c h n i c a l change. : ^ 
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2 . G r o w t h in the product ion c a p a c i t y of the Billet- m i l l 
The Bi l le t m i l l o f the Rocario plant was instal led and Started up in 1949. Today the m i l l st i i 
operates w i t h same motor as o r i g i n a l l y , and the changes made to it a re c la imcd to have consisted of 
a progression of small improvements rather than any v e r y substantial modern iza t ion . Y e t , as w e 
shal l now see, the increases a c h i e v e d in its production c a p a c i t y have been remarkable . 
O n c e a g a i n , in the absence o f histor ical c a p a c i t y est imates, we shall make use o f a t ime 
series of actua l r e a l i z e d product ion f igures as the basis for c a l c u l a t i n g capac i ty . The t ime series 
a v a i l a b l e to us is ' a c t u a l r e a l i z e d production per sect ional hour' on an annua l basis from 1 9 5 9 - 6 0 
to 1 9 6 8 - 6 9 , based on a t ab le in the 1 9 6 8 - 6 9 Rosario plant report . To this w e have added figures 
for 1971-72, 1972-73 and 1 9 7 3 - 7 4 based on the production figures for those years and assuming that 
the same number of sect ional hoors were worked in these years as in 1968-69 . F i n a l l y , we w e r e 
also ab le to add a f igure based on data in the 1954-55 annua l report. The result ing series is shown in 
the Tab le be Jow. 
Bi l le t M i l l 
A c t u a l r e a l i z e d production / sect ional hour 
Y e a r Tons/sect ional hour Y e a r Tons/sect ional hour 
1 9 5 4 - 5 5 8 . 3 1 9 6 4 - 6 5 l l . l 
1 9 5 9 - 6 0 9.1 1 9 6 5 - 6 6 12 .7 
1960 -61 9 . 2 1 9 6 6 - 6 7 12 .6 
1 9 6 1 - 6 2 8 . 8 1 9 6 7 - 6 8 13.8 
1 9 6 2 - 6 3 8 . 9 1 9 6 8 - 6 9 15 .9 
1 9 6 3 - 6 4 ì 1 .9 1 9 6 9 - 7 0 -
1 9 7 0 - 7 1 -
1 9 7 1 - 7 2 16 .5 
1 9 7 2 - 7 3 13 .0 
1 9 7 3 - 7 4 19 .0 
This tab le c l e a r l y shows a ) the substantial ove ra l l growth in c a p a c i t y a c h i e v e d , (130% 
growth in capac i ty be tween 1954 -55 and 1973-74) ; b) the almost zero growth of c a p a c i t y in the-
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period 1954 -55 to 1 9 6 2 - 6 3 , compared to the average of 7 0 % annua l compound growth in c a p a c i t y 
a c h i o v e d from 1 9 6 2 - 6 3 , onwards; and c) that par t i cu la r ly large increases in c a p a c i t y w e r e noted 
in the years 1 9 6 3 - 6 4 , and 1968-69 . 
W e shall now make use o f some information about the t e c h n i c a l changes introduced in 
the Bi l le t m i l l to he lp interpret this t ab le . 
F i rs t ly , Rosario plant personnel e x p l a i n that the increases in the c a p a c i t y of the B i l le t 
m i l l have arisen 3ssent ia l ly to m a t ; h the progressive increases in c a p a c i t y a c h i e v e d in the 
steelrnaking sect ion. 
In l ine w i t h th is , ws can note that when the steelrnaking sect ion g rea t ly expanded it3 
c a p a c i t y in 1 9 6 3 - 6 4 by add ing a new Siemens M a r t i n furnace , and w h e n in 1 9 6 8 - 6 9 steelrnaking 
c a p a c i t y was aga in great ly expanded (through oxygen i n j e c t i o n ) , the c a p a c i t y o f the B i l l e t m i l l 
was simultaneously expanded to match - thus generat ing the two e x c e p t i o n a l years of increase 
w h i c h w e noted ea r l i e r . 
N e x t w e can provide some informat ion concerning the sources of the increases of the 
increases of the B i l le t m i l l ' s capac i ty . 
O n e major source o f the incroase in the mi l l ' s c a p a c i t y has undoubtedly been the changes 
in the mi l l ' s p r o d u c t - m i x . These changes have two aspects. The first is that the product ion 
of b i l le ts of greater cross-section increases the tonnage per hour o f b i l le ts tha t can be ro l led . This 
is because the larger cross-section b i l le ts need fewer 'passes' through the m i l l cyl inders in order 
to be reduced to the correct s i z e , hehc3 the c y c l e t ime for ro l l i ng e a c h b i l l e t is reduced. T h e 
second aspect relates to the reduct ion in the d ivers i ty of the product mix . The fewer the d i f f e r e n t 
measures o f product that have to be produced on the m i l l , (and the longer the product ion runs.are 
for e a c h product ) , then the fewer times w i l l the m i l l have to be stopped for c h a n g i n g the r o l l i n g 
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cylinders and ^ resetting the controls on. the machinery . Hence a less diverse product mix (ond longer 
production runs too) have the e f f e c t of increasing the rat io of " a c t u a l ro l l ing" hours to sect ional 
hours, wh ich is a major factor mak ing for a n increase in the m i l l ' s product ion capac i ty . Since -
as w e noted ear l i e r - there has been a t rend i n the b i l lo t m i l l towards ro l l ing a greater proportion 
of bi l lets of larger dimensions, and to ro l l ing a less diverse product m i x , these trends must cer ta in ly 
have substantial ly increased the mi l l ' s production capac i ty . 
A second important source of the increase in the mi l l ' s c a p a c i t y has been tho modi f icat ions 
made in a l l the manipu la t ing and handl ing devices of the m i l l . These modi f ica t ions have been 
a imed at speeding up the handl ing of the product in be tween successive passes - thus reducing the 
derat ion of the intervals when the product is not a c t u a l l y be ing ro l led . This o f course reduces 
the c y c l e - t i m e , and increases the quant i t y o f b i l le ts that can be ro l led per hour. 
A third important source of capac i ty increases has been the boosting of the ' a v a i l a b i l i t y ' 
o f the m i l l by reducing the d o w n - t i m e necessary for ma in tenance and repairs. This has been ach ieve 
b y several methods w h i c h include i) the redesign of the successive product passes so as to m i n i -
mise the strain involved in the ro l l ing operat ion; i i) increasing the robustness of cer ta in o f the m i l l 
elements and handl ing devices; and i i i ) by the introduction of p revent ive main tenance techniques. 
A fourth s igni f icant source of c a p a c i t y increase has byen the reduct ion in the 'losses' 
cause by reducing the waste generated in the sawing and cropping of b i l l e t s , and by reducing 
the proportion of b i l lots re jec ted as be ing of infer ior qua l i ty . ' 
F i n a l l y , w e can ment ion that much of the increase in the m i l l ' s c a p a c i t y a c h i e v e d by these 
above methods could not have resulted in greater production w i thout there also hav ing been 
i nc reases made in the capac i ty of the m i l l ' s reheat ing furnace, i.e. as the c a p a c i t y o f the ro l l ing j 
i i 
m i l l i tself was increased, it became necessary to increase the c a p a c i t y o f the reheat furnace to 
match so as to prevent • it from becoming a bot t leneck . 
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The most noteworthy feature of a l l these c a p a c i t y - i n c r e a s i n g changes is. that they can 
a l l be considered as changes of the " inc rementa l " t y p e , not invo lv ing large investments in 
re la t ion to the investment in the w h o l e m i l l . Y e t taken together they have re'sulted in a most 
impressive increase in the m i l l ' s c a p a c i t y . 
3. G r o w t h in the production c a p a c i t y of the Bar and Prof i le m i l l 
W e come, now to examine the growth in the production capac i ty of the Bar and Profi le 
m i l l . Data on this is more l imi ted than that w h i c h was a v a i l a b l e for the Stee lmaking units and the 
Bi l let m i l l - and t ime series comparable to those exh ib i t ed for these other product ive sections c a n -
not be presented. Furthermore, it is not possible to take the r e a l i z e d annual production figures 
of the Par and Prof i le m i l l and then simply d iv ide these figures by a hypothe t ica l number o f 
operat ing hours, or sec t iona l -hours , to ob ta in c a p a c i t y est imates, because w e know that there 
have been very w i d e f luctuat ions in the number of shifts worked in the Bar and Profi le mi I I over 
the years. (This is in marked contrast to the si tuat ion of permanent 3 -sh i f t or 4 -sh i f t opera t ion 
worked in the S tee lmak ing sect ion and B i l l e t m i l l ) . 
H o w e v e r , a l l is by no means lost! W e have been ab le to c a l c u l a t e figures for the capac i ty 
o f the m i l l for four years. These are 1 9 5 4 - 5 5 , 1 9 6 0 - 6 ! , 1969 -70 and 1970-71. These figures wh ich 
are shown in the tab le b e l o w , refer to the c a p a c i t y o f the m i l l in tons per ro l l ing -hour . That is, 
the ca lcu la t ion of c a p a c i t y counts on ly the t ime w h e n the m i l l is a c t u a l l y in operat ion. A l l the 
d o w n - t i m e due to repairs , changes of cy l inders , and stops dur ing product ion is exc luded from the 
ca lcu la t ion . 
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C a p a c i t y of the Bar ond Prof i le M i l l 
Y e a r Production C a p a c i t y 
ton%/rol l ing hour 
1 9 5 4 - 5 5 9 . 9 ( 1 ) 
1 9 6 0 - 6 1 10 .9 (2) 
1 9 6 9 - 7 0 11.2 (3) 
1 9 7 0 - 7 1 17.2 (4) 
The story to ld by these figures is bas ica l ly a very simple o n e , and it is borne out by the 
information w e have on the techn ica l changes introduced. -Whft the figures show is a near ze ro r< 
o f capac i ty increase in the f i f t e e n years be tween 1954-55 and 1 9 6 9 - 7 0 , fo l lowed by a dramat ic 
increase in c a p a c i t y a c h í e v e d in just one y e a r , i .e . 1970-71. 
This t ies up w i t h cur information w h i c h shows that the ma in techn ica l changes made to tl" 
m i l l ' s basic equipment be tween ¡ 9 5 4 - 5 5 and 1969 -70 were concerned w i t h improving the q u a l i t y 
o f the mi l l ' s products, rather than the i r quant i ty . 
•Sources of the figures quoted in the tab le . 
(1) This is an ac tua l rea l i sed production f i g u r e , d iv ided by the to ta l number of ro l l ing -hours , 
based on information in the 1954 -55 Plant Report. 
(2) D i t t o , based on the 1960-61 Plant Report. 
(3) This f igure is based on information d e r i v e d from source ( 4 ) , see be low . It is a real c a p a c i t y 
estimate not a r e a l i z e d production per ro l l ing hour est imate l ike the first two. In order not to 
underestimate the c a p a c i t y per ro l l ing hour , w e have assumed a standard of 15% o f d o w n -
t ime hours for mount ing ar.d 10% down t ime due to halts in the course o f product ion , compare« 
to 10% and 5 % for these factors, r espec t i ve ly , w h i c h is the standard quoted in source (4) for 
1970-71. 
(4) C a l c u l a t e d from information on product ion standards quoted in O s c a r R. A m o r i n i , Remodelacic 
de l Tren de laminac ión de perf i les pequeños y l iv ianos, published in ' L a m i n a c i ó n , tecnología 
equipos, productos/ The product mix to w h i c h the c a p a c i t y f igure quoted above app l ies , is tl 
same as the product mix for the year 1 9 6 9 - / 0 . 
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The t e c h n i c a l changes carr ied out in 1970-71, h o w e v e r , w e r e pr imar i ly a imed at i n -
creasing the mi l l ' s production capac i ty . This c a p a c i t y was standing at 7 0 , 0 0 0 tons per annum 
for the product -mix produced in the year 1968-69 . The m a i n a im of the changes was to boost 
this capac i ty to 1 2 0 , 0 0 0 tons per annum, for an essent ia l ly iden t i ca l product m i x , i .e . the a im 
was to bring about a 7 0 % increase in the mi l l ' s capac i ty in one go. 
O n e of the remarkable features of this project - whose ob ject ives w e r e comple te ly 
a c h i e v e d - was that the ent i re project was engineered and executed by the Rosario plant 's own 
staff . ( I t therefore constitutes a splendid example o f 'endogenous1 t e c h n i c a l change w h i c h w e 
shall be exp lor ing in more d e t a i l la ter in the paper) . 
H o w e v e r , here w e can simply note that this important increcse in c a p a c i t y was a c h i e v e d , 
as a result o f t e c h n i c a l changes w h i c h inc luded a) the use of b i l le ts of .greater cross-section 
and length as inputs b) the speeding up of the c y c l e - t i m e in the m i l l v ia improved mechanizat ion , 
better l a y o u t , and the insta l la t ion o f some new m i l l stands and motors, and c) the insta l la t ion of 
3 new reheat furnace of larger capac i ty . The key point is that t e c h n i c a l changes were responsible 
for the v e r y big increase in c a p a c i t y ach ioved . 
Comments on the f indings 
The above f indings concerning the role o f t e c h n i c a l changes in raising the production 
: a p a c i t y of the Siemens Mar t in uni ts , B i l l e t m i l i and Bar and Prof i le m i l l , w i l l now be commented 
an. 
In the first p l a c e , the sheer magni tude of the c a p a c i t y increases a c h i e v e d v i a t e c h n i c a l 
:hange deserve ment ion. These amount to 166% on the first Siemens M a r t i n uni t ins ta l led , over 
¡ 3 0 % on the R i l le t m i l l , and over 7 0 % on the Bar and Prof i le m i l l . These figures show that v e r y 
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impressive advances over the i n i i i a i design capac i ty have been a c h i e v e d in the Rosario plant in 
a l l three of these productive sections. 
A second interesting feature of these capac i ty increases is that in most cases they have 
been ach ieved by means of techn ica l changes whose pr inc ipa l o b j e c t i v e has been to increase outpu 
- and not mere ly as bye-products of changes intended to reduce costs, improve q u a l i t y , or d i f -
vers i fy production. Indeed, so far as the Stee lmaking units and B i l l e t m i l l are concerned , the 
ob jec t i ve of increasing their capac i ty has been a persistent and lead ing o b j e c t i v e in the plant 
• 
in the ent ire period from 1962-63 onwards. 
A th i rd most interesting feature of these c a p a c i t y increases is that v i r t u a l l y a l l o f the 
technica l changes contr ibut ing to them have been of the ' inc rementa l ' type - involv ing such 
matters as faster product hand l ing , lov/ered d o w n - t i m e due to bet ter m a i n t e n a n c e , lowered 
wastage and product re jec t ion rates, higher power inputs, changes in product m i x , e t c . , where 
the common denominator has been squeezing more performance out o f the exist ing units wi thout 
modi fy ing their concept ion or basic operat ing technology in any fundamenta l w a y . O n l y a very 
few changes, such as the insta l la t ion of shaft furnaces for making h o t - m e t a l for feeding to the 
Siemens M a r t i n furnaces, or the piping o f oxygen into the m e t a l l i c ba th or the insta l la t ion of 
extra mi l l stands in the Bar and Prof i le m i l l , can be considered to have produced a modi f ica t ion in 
the basic operat ing technology of the units concerned , or in e n g i n e e r i n g t e r m i n o l o g y , to have 
resulted in a s igni f icant change in 'des ign-concept 1 . In other words, not on ly have the capac i ty 
increases ach ieved in the Rosario plant 's units been very substant ia l , but they have been largely 
a c h i e v e d by techn ica l changes of the ' incrementa l ' type rather than by changes invo lv ing the 
incorporat ion of new design-concepts into the plant's basic technology . 
- 122 -
These three f indings - that the c a p a c i t y increases a c h i e v e d in the Rosario p lant 
have been l a r g e , that they have been a c h i e v e d as a pr inc ipal goal in themselves and not simply 
as a bye product o f other o b j e c t i v e s , and that they have resulted v e r y la rge ly from ' inc rementa l ' 
t e c h n i c a l change made to the exist ing equipment and procedures open up some e x t r e m e l y in terest -
ing perspectives concerning the need for broadening the t rad i t iona l economic approach to technica l 
change - as w e ' shal l now e x p l a i n . 
To begin w i t h , it is interest ing to ask - how common is the k ind of c a p a c i t y - i n c r e a s i n g 
t e c h n i c a l change w h i c h w e have noted in the Rosario p l a n t ? Is it a rare cur ios i ty , or is this 
k ind o f t e c h n i c a l change important in other stéelplants as w e l l ? W h i l e we cannot obviously 
pretend to answer this question e m p i r i c a l l y h e r e , w e can nevertheless ment ion some f indings in the 
¡ 
l i t e r a t u r e , w h i c h strongly suggest tha t this type o f incremental ' c a p a c i t y - s t r e t c h i n g ' t e c h n i c a l 
change is both w i d e l y - p r a c t i c e d , and of great economic importance. 
For example Ramirez and Blanco (1) point out that i n La t in Amer ica " t h e necessity o f 
increasing the production c a p a c i t y of (the ex is t ing) blast furnaces is con t inua l l y be ing proposed", 
and they c i te the shortage of investment c a p i t a l as a strong economic incent ive for doing so. Even 
more to the p o i n t , they ' ¡uote f igures for the i n i t i a l and ac tua l production capac i t i es o f four d i f -
ferent Lat in A m e r i c a n blast furnaces, and these show increases of 7 3 % , 6 8 % , 51% and oyer 100% 
respec t ive ly , a c h i e v e d by such techniques as mod i fy ing the b las t - fu rnace shel l so as to increase the 
useful v o l u m e , increasing tho strength o f the a i r - b l a s t , in jec t ing hydrocarbons into the furnaces, 
bet ter preparat ion o f raw mater ia l and of c o k e , augment ing re f ractory l i f e , more sophist icated 
( l ) G o n z a l o Ramirez and Rafael Blanco Aumentos en la product iv idad de l a l t o horno , SiderOrgia 
La t inoamer icana , N o . 174, O c t u b r e 1974, I L A F A , Sant iago d e C h i l e . 
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process control e tc . These authors also state that " there st i l l exists a good margin for increasing 
the p ig - i ron production o f the exist ing b las t - fu rnaces , adopt ing techniques w h i c h have not yet 
been genera l i zed in the subregion". 
Further ev idence on the importance o f ' c a p a c i t y - s t re tch ing ' comes from Rosegger (1) 
who in reference to o x y g e n stee lmaking plants has this to say: " A n a d d i t i o n a l e lement o f e x p a n -
sion was provided b y f requent ly remarkable increases in the rated capac i t ies o f exist ing plants, 
through a cumulat ion o f smaller technolog ica l improvements and through ' l e a r n i n g - b y - d o i n g ' . 
Uprctings of ten to f i f teen per cent over a f ive year span are not unusual . * 
These passages and much othor ev idence in steelmaking l i t e r a t u r e , show that the phenome 
non of incremental ' capac i ty -s t re tch ing ' techn ica l change , w h i c h has p lay3d such a n important 
role in the Rcsario p l a n t , is by no means a m r e one but - o n the contrary - is ex t remely w i d e -
spread. In fact we can expect examples of c a p a c i t y - s t r e t c h i n g t e c h n i c a l change to occur in a l l 
steelplants serving growing markets. 
The next point to be made concerns tho f inding that the c a p a c i t y increases made in the 
Rosario plant la rge ly result from changes whose main o b j e c t i v e was to increase output , rather 
than from changes whose key ob jec t ives w e r e , for instance, to reduce un i t costs. This is an 
important f ind ing , because it suggests a large gap in the exist ing economic l i terature . The point 
is that tho overwhelming tendency in the economic l i terature on t e c h n i c a l change is to conduct 
the ent i re analysis in terms of cost m i n i m i z a t i o n strategy. W h e t h e r the subject is choice of t e c h -
niques, economies of sc a le , learning - b y - d o i n g , or the economics o f rep lacement and scrapping 
(1) Gerhard Rosegger: O n ' O p t i m a l ' Technology arid scale in Indust r ia l i za t ion: S t e e l - m a k i n g , 
O m e g a , V o l . 3 , N o . 1 , 1975, Pergamon Press, O x f o r d . 
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lecisions, a r t i c l e a f t e r a r t i c l e and book a f te r book sets up a t h e o r e t i c a l system w h e r e b y uni t p r o -
duction costs are the key v a r i a b l e to be m i n i m i z e d subject to d i f f e r i n g constraints. N o w , of 
;ourse, w e are not c l a i m i n g that c o s t - m i n i m i z a t i o n is not e x t r e m e l y important but in the Rosario 
ì lant it is p la in that o u t p u t - m a x i m i z a t i o n was , in many years o f the plant 's l i f e , a more dominant 
>bjective guid ing management 's decisions on t e c h n i c a l change - and it is a v e r y strong conjecture 
hat this s i tuat ion has also app l i ed at many periods and in many si tuat ions, in other steelplants too. 
f this is the case - and the conjecture is eminent ly testable - then w h a t is needed is for the 
iconomic analysis of techn ica l change to expand beyond its present Icp-sided concern w i t h unit 
:ost reduct ion so as to also take into account the importance of ou tpu t -max imisa t ion from ex is t ing 
:ac i l i ties. 
O n e author who has deve loped a more rea l is t ic f ramework for analysing t e c h n i c a l change 
* Béla G o l d , and w e shall now ment ion b r i e f l y a feature of G o l d ' s approach w h i c h is pa r t i cu la r l y 
e levan t to further ing our discussion of the f indings about ' c a p a c i t y stretching' in the Rosario plant . 
A c c o r d i n g to G o l d " M a n a g e r i a l decisions in pr iva te industry obviously cannot be 
based on the m i n i m i z a t i o n o f tota l unit cost in v i e w of the o v e r - r i d i n g importance of the 
rate o f profi t on investment. A simple model re la t ing such p r o f i t a b i l i t y to physical as w e l l 
as f i n a n c i a l aspects of perfonnance m a y be deve loped as fol lows: 
Profit ^ /Product v a l u e - Total cost\y O u t p u t Y C a p a c i t y y F ixed Investment 
T o t a l Investment \ O u t p u t O u t p u t ) C a p a c i t y F ixed Investment T o t a l Investment 
This suggests that var ia t ions in the rate o f prof i t on to ta l investment are t raceab le to 
changes i n , and interact ions among: average product prices; to ta l unit costs; c a p a c i t y u t i l i z a -
t ion; the product iv i ty of f ixed investment; and the internal a l l o c a t i o n of investment be tween 
f ixed and work ing c a p i t a l " , ( l ) 
(1) Bela G o l d , T e c h n o l o g y , Product iv i ty and Economic Analysis , O m e g a V o l . I , N o . I , 1973 
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The term in this above equat ion w h i c h par t icu la r ly concerns us here is the term 
C a p a c i t y w h i c h G o l d calls the 1 p roduct iv i ty o f f i xed investment1 . It is ev ident from the 
F bred investment 
equat ion that management has a permanent interest in increasing - or a t a n y rate ma in ta in ing as 
high as it can - its instal led capac i ty per uni t o f f i xed investment - a lways assuming that the efforts 
d i rec ted to increasing or ma in ta in ing this rat io are not offset by the in te rac t i ve effects on the other 
ratios in the equat ion. 
In fact the rat io i .e . c a p a c i t y over f i xed investment, can be e x p e c t e d to rise a u t o m a t i c a l l y 
in the years fo l lowing major investments in new cap i ta l f ac i l i t i es as d e p r e c i a t i o n charges br ing down 
the book va iue o f the f ixed investment whi ls t leav ing the c a p a c i t y o f the f a c i l i t i e s unchanged -
however what concerns us here is the s i tuat ion that arises when increases o f c a p a c i t y are /be ing 
planned. 
• W h a t e v e r va iue the rat io of c a p i t a l to (deprec ia ted) f ixed investment has reached the firm | • . ^ I 
w i l l be interested, other things e q u a l , in hav ing a small rat io of w h e n it expands 
I 
capac i ty . The main hypothesis of Interest that can now be put forward is tha t C for 
A l 
incremental ' capac i ty -s t re tch ing 1 t e c h n i c a l changes is usual ly notab ly h igher than /—>¡ C 
I 
for capac i ty expansions involv ing investments in new f a c i l i t i e s or in carry ing out non- incrementa l 
modif icat ions to the exist ing ones. In other words, in simple l anguage , it usual ly costs far less to 
a c h i e v e a unit o f increased c a p a c i t y by st retching the c a p a c i t y of an ex is t ing plant than by 
bu i ld ing brand new extra units or engaging in extensive" t e c h n ' c a l revamps of the ex ist ing ones. 
If this is so - and it ce r ta in ly appears to have been the case for the Rosario plant where mos! 
o f the capac i ty expansion was ach ieved on a very l imi ted budget - then the w h o l e subject of the 
' l earn ing ' w h i c h permits incremental capo c i t y - s t r e t c h i n g to occur takes on a new l ight . For this 
' l earn ing ' if it did not occur - wou ld have a v e r y high opportuni ty cost to the firm in question. 
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The suggestion is, there fore , that this k ind of learn ing deserves c lose -up analysis to 
letermine not on ly its nature and the condit ions promoting its d e v e l o p m e n t , but also - and c r u c i a l l y 
• to e v a l u a t e its economic contr ibut ion to the plants in w h i c h it occurs. The under ly ing hypothesis 
s that the learning w h i c h leads to incrementa l c a p a c i t y - s t r e t c h i n g t e c h n i c a l changes may turn 
>ut to be a v e r y prof i tab le a c t i v i t y indeed. 
W e can now sum up this en t i re discussion in a simple w a y ; 1) O u r f indings about the 
growth in c a p a c i t y in . the Rosario plant show that vVry substantial increases in c a p a c i t y have been 
achieved by t e c h n i c a l changes of a mostly incremental nature w h i c h were s p e c i f i c a l l y a imed a t 
Stretching plant c a p a c i t y . 2 ) These findings point to the need to ex tend economic theory to cover 
the apparent ly large domain of incrementa l c a p a c i t y - s t r e t c h i n g t e c h n i c a l change and the learning 
that gives rise to i t . 
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Chan_gjes_in_ £roduct jgua]_ivj/ 
The next subject into w h i c h w e enquire concerns changes introduced in p roduc t -qua l i t y 
in the Rosario plant. 
A change in product q u a l i t y involves bas ica l ly a change in the spec i f ica t ion w h i c h del imits 
the upper and lower boundaries that cer ta in parameters o f the product must conform to. These p a -
rameters, w h i c h we ear l i e r ca l l ed the ' q u a l i t y parameters ' , refer to such matters as the chemica l 
composition of the steel composing the product , the dimensions of the product , the surface qua l i t y 
o f the product, the degree of freedom from internal defects of the product , e tc . It is usual to 
speak of an ' improved' q u a l i t y of a steel product when the admi t ted range of v a r i a t i o n in the 
chemica l composition a n d / o r the dimensional to lerance of the product is r e d u c e d , or when the 
acceptab le leve l of sur face or internal defects is reduced. 
There exist in the steelmaking f i e l d , as in most other industrial f i e l d s , standards-making 
bodies wh ich publish standard industrial product spec i f ica t ions , however w h i l e these are very 
important as guidel ines the usual pract ice is for steelmaking companies to d e v e l o p the i r own interna 
product-speci f icat ions w h i c h are subject to var iat ions over t i m e , and w h i c h may sometimes d i f fe r 
in more than minor ways from the standard specif icat ions. The internal product standards re f lect 
both the part icular process technology used by the company and the markets being served by i t , 
and also re f lec t the company's p roduc t -qua l i t y strategy. 
In p r i n c i p l e , to improve product q u a l i t y implies tak ing two steps. These are ( i ) to improve 
the ac tua l process technology employed in making the product , so that an a c c e p t a b l y high propor-
t ion of the output w i l l conform to the str icter q u a l i t y standards that have been set; and ( i i ) to r e -
vise the qua I ivy-control procedures in l ine w i t h these str icter standards, so as to de tec t and re ject 
those products f a l l i n g outside the spec i f ica t ion . 
Techn ica l changes are inevjta_bly i n v o l v e d in the first of these steps - i .e . improving the 
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process techonology employed in making the product. Furthermore t e c h n i c a l changes may 
also be involved in the second step - i .e . the revision of the q u a l i t y control procedures. 
This w i l l be the case whenever such revision implies br inging into use new methods o f c h e -
mica l or physical ana lys is , or new inspection procedures. 
So much for these introductory remarks about the meaning o f changes in product 
q u a l i t y and the steps impl ied by effot4s to improve product q u a l i t y . W e nbw fUrfo to ekdmlne 
the exper iense of the Rosario plant in the matter . 
T h e record of the t e c h n i c a l changes introduced in the Rosario plant contains - as w e 
ment ioned ea r l i e r - many techn ica l changes w h i c h had as the i r ma in o b j e c t i v e to improve 
product q u a l i t y . 
I n t e r e s t i n g l y , it turns o u t , that many of the most important techn ica l changes 
With this o b j e c t i v e took p lace in a single y e a r , 1960-61. By excminir /g the changes made 
in this one year in some d e t a i l , some v e r y interest ing conclusion?; e m e r g e , w h i c h shed 
usefu l l i ghit on the other qua l i t y -changes introduced later on by the plant. There fore w e 
begin our analysis by considering the year 1960-61. 
The background to the ' q u a l i t y ' changes made in this year was that (a) the Rosario 
p lant was p l a n n i n g to d ivers i fy its product ion a w a y from its near 100% concent ra t ion on 
'common' steels towards producing a high proport ion o f 'specia l 1 steel products, and t t ) a 
G e r m a n consultant had been c a l l e d - i n by the D i rec tor o f the Rosario plant to advise on 
the changes that needed to be made. A major factor then in f luenc ing the desirable goals 
o f t e c h n i c a l change in the plant was that the specia l steel products to be produced w o u l d 
have to be manufactured to more e x a c t i n g q u a l i t y speci f icat ions than the eommon steel 
products. In par t icu lar it was desirable that the specia l steel products should have a much 
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lower degree of surface and internal defects than was a c c e p t a b l e in most o f the common 
steel products. 
The consultant's recommendat ions, w h i c h were a d o p t e d , led to important changes 
both in process technology and q u a l i t y control procedures: 
These changes were as fol lows: 
( i ) the replacement o f t o p - p o u r e d ingot casting by b o t t o m - f i l l e d ingot cast ing , (which led 
to a great improvement in both the surface q u a l i t y and internal q u a l i t y o f the ingots 
produced ) . 
.( i i )the swi tch from fuel o i l to natural gas in the r e - h e a t i n g furnaces ( w i t h led to more uniform 
heat ing of the intermediate products and so to less internal defects) . 
(ii . i)the setting up o f a new plant sect ion known as the ' cond i t ion ing ' sect ion , where the 
'scarfing1 ( i . e . the removing of the surface scare from) ingdts_dnd b i i le fs could be carr ied o u t , 
and where defects in ingots and bi l le ts could be de tec ted and r e 6 t i f i e d . 
( iv) the more intensive control o f the chemica l composit ion and q u a l i t y o f the incoming scrap. 
(v) the introduct ion of inspectors on the shop-flcor in the s tee lmak ing , ingot cast ing , b i l l e t 
ro l l ing and f ina l product ro l l ing stages of product ion, to check on f i d e l i t y of the output 
w i t h respect to the internal norms a p p l i c a b l e to each successive process stage. 
» 
(v i ) the strengthening of the personnel in the plant 's labora tory , and the improvement in " 
the equipment and a n a l y t i c a l techniques used. 
These , and other more minor changes, consti tuted what Rosario plant personnel r e -
member as a ve r i t ab le "campaign' ' for improved product q u a l i t y inst i tuted in this one year. 
A n important feature of this set of changes is that whi ls t they w e r e c l e a r l y instituted 
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so as to meet the q u a l i t y requirements involved in product d ive rs i f i ca t ion ( to specia l 
s t e e l i ) , the result ing "process changes and superior q u a l i t y control procedures also resulted 
i n c o m e improvements in q u a l i t y o f the l ine o f common steel products as w e l l . 
This is because whi ls t some of the q u a l i t y changes were "p roduc t -spec i f i c " (such 
as the use of the condi t ion ing sector for some grades of ingots and b i l le ts and rt'dt o thers) , 
other changes, such as the modi f icat ions in process technology the inspection of p r o d u c -
tions on the shop- f loor , and the strengthening of the plant 's laborator ies , contr ibuted to 
improving the q o a l i t y o f a l l the product range produced by the plant . 
Thus, the 1960-61 exper ience suggests that the major t e c h n i c a l changes introduced 
so as to improve the q u a l i t y of a new class of products also had important "sp i l lover" e f -
fects leading to the improvement in q u a l i t y o f the ex is t ing classes o f products too. 
N e x t w e turn to examine the record of p r o d u c t - q a a l i t y changes introduced sjn?®. 
1960-61. Here, three par t i cu la r features stand o u t . 
First there begun in 1964 a program of cooperat ion w i t h A c i n d a r ' s M a r a t h o n plant . 
This led to the Rosario plant producing small product ion runs o f various a l l o y steels 
and since these required great care in their e l a b o r a t i o n , Rosario p lant personnel needed 
to absorb considerable new knowledge so as to be a b l e to produce these new steels to 
suf f ic ient qua l i ty . Here a g a i n w e see the e f fec t to product d ivers i f i ca t ion leading to the 
requirement for higher q u a l i t y standards in the product ion o p e r a t i o n , and in q u a l i t y control . 
It is not c l e a r , h o w e v e r , whe ther these changes had any s ign i f icant spi l lover ' e f fec ts on 
the rest o f the Rosario plant 's product ion , a l though w e w o u l d c e r t a i n l y expec t that there 
have been some. 
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Second, there was a ma jor investment in 1966 in a new ' c o o l i n g bed' for the Bar and 
Profi le m i l l . This was designed to contr ibute to a more uniform coo l ing down o f the ro l led 
products and a more d e l i c a t e handl ing o f them - so as to m i n i m i z e product bending and 
distort ion and to maximise product un i formi ty . This change benef i t ted the q u a l i t y of a l l the 
products by the Bar and Prof i le m i l l . 
T h i r d , there wqs an important incorporat ion of new inspectors, new q u a l i t y control 
procedures, and new equ ipment , made in connect ion w i t h the 1 9 7 2 - 7 3 d ivers i f i ca t ion of 
t h e Rosario plant into the production of forging bars. These bars, because of the use to w h i c h 
they w i l l be pu t , have to be v i r t u a l l y 1 0 0 % free of internal and surface de fec ts , and also 
ro l led to v e r y accura te dimensional to le rantes . In order to a c h i e v e this the Rosario p l a n t 
had to introduce changes in process and operat ing technology and also a g r e a t l y boosted 
q u a l i t y control e f for t by comparison w i t h that required in the product ion o f ordinary bars. 
So , here a g a i n , product d ivers i f ica t ion ent ra ined the need for increased efforts a imed a t 
improving product q u a l i t y . 
In add i t ion to these th^ee par t icu la r features of the e x p e r i e n c e of the plant since 
1960-61, there are also some other items of evidenc'e worth ment ioning. 
' The first concerns the var iat ions in end product q u a l i t y a t t r i b u t a b l e to changes in the 
raw mater ia l inputs a v a i l a b l e to the Rosario plant . 
There are bas ica l ly two sources o f such va r ia t ions , w h i c h are ( j ) the changing q u a -
l i ty o f the incoming scrap ( i i ) the changing q u e l i t y o f the consignments o f b i l l e ts w h i c h 
the Rosario p lant was occas iona l ly a b l e to buy in from outside suppliers for ro l l ing on the 
Bar and Profi le m i l l . Changes in raw mate r i a l inputs generate the need for qua l i t y -cont ro l 
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rocedures w h i c h ident i fy the di f ferences in input composition and test their ef fects through 
3 var iat ions in the f ina l product. 
The idea is to establish the s u i t a b i l i t y , or o therwise , o f the raw mater ia ls for the 
reduction o f par t icu lar end-products - and where necesary to guide thé changes in 
perat ing process tecHndlogy that may be needed so as to cope w i t h the d i f fe rent inputsi 
il 
his " input q u a l i t y control" a c t i v i t y has ben important in the Rosario plant i l hce the e a r l y 
j • • J . 
969 due to the continuously de ter iora t ing q u a l i t y of the W r a p a v a i l a b l e on the market and 
ue to the v a r i a b i l i t y in its extra sources of b i l l e t supply. 
The other item wor th ment ioning is that the Rosario plant reports and the in terv iews 
onta in many references to minor improvements (such as the redesign o f cy l inder channe ls , 
djustfrtents o f cut t ing operat ions, refinements in opera t ing techno logy e t c . ) a imed a t 
mproving the q u a l i t y of spec i f ic products in small ways. 
The conclusions w h i c h emerge from this br ief rev iew of q u a l i t y changes in the Rosario 
lant' a re as fol lows: 
) Product d ivers i f ica t ion seems to have p layed the donimant role in catalysing most >of the 
îa jor i m p r o v e m e n t lead ing both to more precise process control and also to t igh ten ing 
n q u a l i t y control procedures w h i c h have been introduced in the Rosario plant. 
) . So.me of these improvements sparked by product d ive rs i f i ca t ion have undoubtedly been 
i roduet -spec i f ic , but others have had what we c a l l e d a " sp i l lover" e f fec t result ing in 
mprovements in the q u a l i t y of a l l the plant 's products. 
l) The occasion of product d ivers i f icat ion is, h o w e v e r , not the on ly , o r the necessary, 
:ondition for e f fec t ing improvements in the precision of process control and in q u a l i t y 
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procedures. Thus one major q u a l i t y - improv ing investment (the cool ing bed) and many 
minor product speci f ic q u a l i t y changes have been int roduced, independent ly of product 
d ivers i f icat ion plans. 
4) Input q u a l i t y control has also been an important theme in the p l a n t , so as to minimise 
the output q u a l i t y var iat ions wh ich tended to result from var ia t ions in the q u a l i t y of 
scrap supplies and b i l l e t supplies from outside sources. 
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Observa H on_changes_ in unit ^costs [i°_Pi.a I! t_ 
O u r a im here is to present some pre l iminary observations about the kinds of t e c h n i c a l 
:hanges w h i c h have led to unit cost changes in the Rosario plant . The observations are pre l iminary 
iscause further research is intended to provide the d e t a i l e d and ^2f>_t i taHve account o f uni t 
ost changes in the plant w h i c h we wou ld have l i ked to be a b l e to m a k e uSe of here. N e v e r -
helesc, these pre l iminary observations point to some useful f indings. 
O u r start ing point w i l l be to rev iew the various items w h i c h together make up the elements 
f 'unit -costs' in each par t icu la r product ive section of the Rosario p lant . These costs d i v i d e up 
\ • 
i to the ro l lowîhg main ccitegoriesî 
Primary m e t a l l i c m a t e r i a l : \ 
This refers to the basic m e t a l l i c input to the par t ieu lar product ive sect ion of the p lant w h i c h 
is under consideration. For e x a m p l e , the input to scrap-park operat ions is unprocessed scrap; 
the input to the shaft furnaces is processed scrap; the Input to. the Siemens M a r t i n furnaces is 
processed scrap plus h o t - m e t a l ; the input to the ingot casting sect ion is l iqu id s t e e l , e t c . , e tc . 
. A u x i l i a r y raw materials: 
These are the other raw mater ia ls w h i c h are d i r e c t l y involved in the production process - e . g . 
coke, in the shaft furnaces, l imestone in the Siemens M a r t i n furnaces, and the various addi t ive? 
used. 
Labour: 
Including both the d a i l y paid labour and the salar ied labour and supervisory personnel employed 
in the par t icu lar product ive sections be ing examined. 
Indirect m a t e r i a l s , and spares: 
Indirect materials , include consumable items such as furnace re f ractor ies , ingot moulds, r o l -
l i n g cy l inders , o i l , grease, e tc . 
E lec t r i ca l energy and combustion fuels. 
M a i n t e n a n c e and repairs: ' 
Deprec ia t ion charges: 
8. G e n e r a l plant overhead: 
This is the a l l o c a t i o n to the productive Section concerned of a f ract ion of the costs of the 
- plant's top management , and of the costs of those divisions and a u x i l i a r y units of the plant 
w h i c h provide services to many d i f fe rent productive sections. 
W e shall now see what l ight can be thrown on these various cost items: 
O n e aspect of the cost structure of production in the Rosario plant in recent years is 
contained in some figures published in various plant reports, re ferr ing to the standard production 
costs of the intermediate products produced by the plant. O v e r l e a f w e reproduce the information 
concerning the standard production costs of 76 x 76mm bi l le ts o f grade 46B (a standard grade 
produced in the plant) . The information consists of a breakdown of the production costs p e r / t o n 
of b i l lets into (a) the raw mater ia ls cost, and (b) the ' transformation' cost. 
The 'raw mater ials cost' consists o f the cost of the unprocessed scrap needed to make one 
ton of b i l l e ts , plus the costs of a l l the a u x i l i a r y raw mater ials used up in e a c h s u c c ^ i V e stage 
u p - t o and including the B i l le t m i l l in making one to^ of bi I lets. 
The ' transformation' cost is the cost per ton of product generated by a l l the labour , i n -
d i rec t materials and spares, e l e c t r i c a l e n e r g y , combustion f u e l s , maintenance and repairs, 
needed to transform, the raw mater ials into b i l l e ts , plus a part of the overhead costs involved ( I ) . 
The tab le shews the raw mater ials cost and transformation cost o f b i l lets in undef ia téd 
new Argent ine pesos per ton in seven successive years. 
• The key point wh ich emerges c l e a r l y from the tab le is the great importance of raw m a t e -
rials costs. These accounted by the end of the period be ing considered for v i r t u a l l y 5 0 % of 
b i l l e t production cost. O t h e r figures a v a i l a b l e to us, show that w i t h i n the category raw mater ia ls , 
(!) As far as w e can t e l l these include an appropr iate f rac t ion of the cost o f services such as w a t e r , 
l ight ing , e tc . provided by a u x i l i a r y units to a l l the plant 's product ive sect ions, but do not 
include any proportion of the overhead costs incurred by the plant's top management . W e are 
not sure whether a f ract ion of the overhead costs of the divisions o f industrial Engineering and 
Q u a l i t y Cont ro l are included or not. 
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the cost of scrap predominates - -account ing for Ove^thre^quar ters of r^w materials cost. 
Another point emerging from the table is the rise in the proportion of rnw mater ia ls costs 
w i th in total costs. This reflects (a) the sharp rise in s c n p prices re la t ive t."> the general price 
level in the period covered by the t a b l e , and alss? (b) the effects of lowered real transformation 
costs per ton, expressed in terms .of physical end labour inputs required per uni t of output. 
P R O D U C T I O N COSTS PEF T O N OF 76 x 76 mm, BILLETS, GRADE 46B 
July July July August July July M o y 
. 1966 1967 1968 1969 1970 1971 1972 
Raw materials cost 104 119 133 157 195 248 409 
Transformation cost 176 2 4 0 183 182 198 2 9 7 446 
Tota l cost 2 8 0 359 316 339 393 5 4 5 8 5 5 
% Raw materials cost 3 7 33 42 46 50 46 48 
% Transformation cost 6 3 6 7 58 5 4 50 5 4 52 
• 
Units: Argent ine pesos l e y . 
So far as transformation costs are concerned, we do not have a breakdown of these per 
ton of b i l l e t production, but we have a breakdown wh ich applies to the output of the ent i re 
plant. This is shown in the Tab le below: 
B R E A K D O W N O F T O T A L ' T R A N S F O R M A T I O N ' C O S T S INCURRED BY THE PLANT 
C O S T ITEM July July July August July July M a y 
1966 1967 1968 1969 1970 1971 1972 
Lcbour 
% % % % % % % 
5 6 . 9 5 3 . 3 4 9 . 7 4 1 . 6 40 .9 46.9 4 5 . 7 
Indirect mater ials & spares 17 .4 16.8 14.4 17 .0 1-7.0 14 .7 15 .9 
Energy & combustibles 16 .0 17.1 15 .9 17 .5 14.6 U . O 1 3 . 3 
M a i n t e n a n c e & repairs 8 . 5 10 .4 13.4 16.2 20 .2 18.8 17.6 
" G e n e r a l " plant costs 1.2 2 . 3 6 . 5 7 . 9 7.2 5 . 7 6 .1 
Source: 1963-69 and 1971 -72 Rosario Plant Reports. 
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C l e c r l y , lobour costs stond out os the m o m component in transformation costs. Interest 
ingly-, by the end of the period considered in the t a b l e , , the second most important item in tran 
formation costs was maintenance and repairs. ( O n e can see that pa r t i cu la r l y large increases in 
the percentage of transformation costs devoted, to ma in tenance .end reocirs were recorded betw? 
1.1.966 and 1970) . Third comes indirect materials and spares. In this category the key items ore 
furnace ref ractor ies , ingot moulds and ro l l ing m i l l cyl inders. Fourth comes energy and combus 
t ib les , and then "genera l " plant costs. •• ; 
i, In the l ight of the cost data so far presented one wou ld expec t that cost - reducing tech-
nical changes would be the outcome of the fo l low ing kinds o f efforts: 
1. Efforts to increase m e t a l l i c y i e l d a t each process s tage , i .e . by reducing losses to the minim 
and recuperat ing a l l r ecyc lab le losses. Such efforts a im to lower the net input requirements 
of primary m e t a l l i c mater ia l per uni t of outout oroduced. 
2. Efforts to increase the product iv i ty of the a u x i l i a r y raw mater ia ls — i . e . . t o increase the out 
put of oroduct per uni t of aux i l iary mater ia l input. 
3. Efforts to reduce the labour requirements per uni t of output. 
4. Efforts to reduce the consumption o f indirect m a t e r i a l s , per uni t of output. 
5 . Efforts to reduce e l e c t r i c i t y consumption end fuel costs per uni t of output. 
6 . Efforts to reduce maintenance and repairs costs per unit of output . 
7. Efforts to reduce general plant costs oer uni t of outout . 
The ev idence about techn ica l changes in the Roscrio plant confirms the expec ta t ion the 
a l l these ' l ines' of cost - reducing techn ica l changes have been pursued in the plant. What we 
now propose to do is to try to throw some l ight on the nature o f t e c h n i c a l changes introduced 
a long these various lines and the circumstances lead ing to the i r introduct ion. 
In connect ion w i t h this e f for t to explore the nature of cost reducing t e c h n i c a l change 
in the Rosario plant it w i l l be useful to make use of the d is t inc t ion made by H o l l a n d e r , in.his 
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j d y of Du Pont royon plants, between "d i rec t " and " i n d i r e c t " t e c h n i c a l changes. 
" D i r e c t " t echn ica l changes are ones wh ich result in a decrease in unit operat ing costs 
'en a t unchanged levels of output. " I n d i r e c t " t echn ica l changes are ones w h i c h , a l though they v 
> not result in a decrease in unit costs at unchanged levels of ou tpu t , nevertheless permit the 
jch inery to funct ion at greater output levels than before - w i t h the result that i f this higher l eve l 
output is indeed produced then the f ixed operat ing costs can be spread over a larger volume of 
tput than be fore , thus result ing in a d e c l i n e in uni t opera t ing costs. ( I ) 
It w i l l therefore be interest ing, in the e x a m i n a t i o n of the nature of cost reducing tech -
ca l changes w h i c h now fo l lows, to include in the discussion an ef for t to throw l ight on the re -
t ive importance of " d i r e c t " versus " ind i rec t " t e c h n i c a l changes in the Rosario plant . W e now 
rn to the examinat ion of the d i f ferent kinds of cost - reducing changes: 
The importance of the d is t inct ion is that it d i f fe rent ia tes between "those techn ica l changes 
w h i c h do not depend on increases in outDut for their e f fec t on unit costs, and those techn ica l 
changes w h i c h have their e f fec t precisely because of the increases in output w h i c h they permit . 
Figures published by Hol lander for f ive d i f fe rent rayon plants revea l the f o l l o w i n g div is ion 
be twe en " ind i rec t " and "d i rec t " t echn ica l changes in terms of the e f f e c t o f each category of 
t e c h n i c a l change on unit cost reduct ion. 
Plant 
O l d H ickory 
( 1 9 2 9 - 5 1 ) 
% of unit cost reduct ion 
a t t r ibu tab le to Ind i rect t e c h -
n ica l change 
2 8 % 
% of unit cost reduct ion 
a t t r ibu tab le to D i rec t tech -
n ica l change 
. 5 8 % 
Spruance 1 
( 1 9 3 2 - 5 0 ) 
48% 4 9 % 
Spruonce I I 
( 1937 51) . 
- 3 8 % 
Spruonce I I I 
(1933 -52) 
7 2 % 2 3 % 
Spruan®e I IA 
( 1 9 4 5 - 5 2 ) 
6 8 % 3 2 % 
So far os changes in meta j j i c_y ie Id are concerned , these appear to have been rrostly 
caused -by techn ica l changes of the "d i rec t " type. In this connect ion the three themes of part i 
cular importance ore ( i ) the qua l i t y o f the raw mater ia ls used; ( i i ) the f ract ion of losses incurred 
in the processing operations; and ( i i i ) the re jec t ion rate of sub-standard products. W i t h r e c j a r d 
to the first of these themes i.e. row mater ia l q u a l i t y , the main t e c h n i c a l changes introduced in 
the Rosario plant have been introduced as a react_ion_ fo deter iorat ions in the a v a i l a b l e scrap. 
These changes were therefore designed to stem the fo i l i ng y ie ld from the scrap inputs to the 
p lan t , and involved steps such as improved scrap qua l i t y cont ro l , improved scrap se lec t ion , and 
more intensive pre-processing of scrap. ( A l l these are "d i rec t " t echn ica l changes). N e x t , w i t h 
regard to reducing processing losses, the plant reoorts revea l that many smalj[_ t echn ica l changes 
have contr ibuted to this o b j e c t i v e , par t icu la r ly those concerned w i t h minimising the losses due 
to the "cropping" of ingots ends and ro l led product ends, and minimising the i r recuperable losses 
due tò sur face - ox ida t ion o f ingots and bi l lets in the reheat furnaces. A g a i n these w e r e v i r t u a l l y 
a l l "d i rec t" changes. As for reducing the re jec t ion rate o f products, the t e c h n i c a l changes in 
this d i rec t ion have been part and parcel of the changes designed to improve product q u a l i t y 
(which we described in the previous section). A g a i n these are mostly d i rec t changes. 
In e f f e c t , we can soy the t e c h n i c a l change introduced in the Rosario p lant to inf luence 
m e t a l l i c y i e l d (and heeiae unit costs) have been (a) mostly " d i r e c t " t echn ica l changes; (b) have 
been in part provoked by deter iorat ions in the scrap inputs to the plant; (c) have in part arisen 
as a result of changes simultaneously designed to improve product qua l i ty ; and f i n a l l y (d) have 
in their remaining part been "pure11 cost reducing techn ica l changes in the sense of not having 
been provoked by changes in thè q u a l i t y of input mater ia ls , and not having major ef fects on 
other .performance or output parameters besides on unit costs. 
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Turning next to techn ica l changes designed to increase the product iv i ty o f the a u x i l i a r y 
aw mate r ia ls , the ones w h i c h have come to our a t t e n t i o n are (a) improvements in the q u a l i t y of 
he a u x i l i a r y raw mater ia ls result ing from str icter requirements being p laced on the suppliers by 
he Rosario p l a n t , and (b) t e c h n i c a l changes incorporated in the shaft furnaces designed to increase 
he product iv i ty of the coke used. The lat ter changes besides increasing coke p r o d u c t i v i t y , also 
imultaneously increased the output c a p a c i t y of the shaft furnaces. Both var ie t ies of t echn ica l 
honges ment ioned above are " d i r e c t " . 
In the third place we come to techn ica l changes w h i c h made it possible to reduce labour 
squirernents per. unit of output. A l t h o u g h there are important except ions , the basic s i tuat ion 
sems to be that these changes.have been " i n d i r e c t " , i . e . , the reduct ion in labour requirements 
er uni t o f output has usual ly been a c h i e v e d by hav ing bas ica l ly the same workforce produce 
ore tons per hour w i t h their ex ist ing or improved equ ipment , rather than by lay ing o f f men and 
roducing the same or a higher output than before. This conclusion fol lows from the f a c t that 
mployment in the plant has dec l ined much more slowly in the past t en years than the output has 
icreased. This basic observation does not o f course rule out many d i rec t t e c h n i c a l changes of a 
inor k ind hav ing been made to reduce labour teams s l i g h t l y , a n d , as w e ment ioned there have 
;en some important d i rec t t e c h n i c a l changes such as switching maintenance and repair work in 
6 9 a w a y from plant labour to a system of contract ing out. (This resulted in a reduct ion of the 
bour force by about 100 men who were previously employed in the p lant car ry ing out maintenance 
>rk). H o w e v e r , the basic observat ion , that the reduct ion in labour requirements per unit of out -
it has been accompl ished by indirect techn ica l change , remains. 
N e x t , coming to techn ica l changes designed to reduce the consumption of indi rect m a t e -
lis per uni t of output - - the main type of changes involved have been changes tend ing to £roloncj 
i useful l i fe o f re f ractor ies , ingot moulds, ro l l ing cy l inders , e t c . The plant reports conta in many 
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references to minor technica l changes designed to increase the service l i fe of these iterr:ST these 
are direct techn ica l changes except for the prolonging of re f ractory l i f e , w h i c h also has imports 
effects in increasing production c a p a c i t y . ' 
T h e n , w i th regard to techn ica l changes designed. to reduce uni t e l e c t r i c a l energy and 
combustion fuels costs -our ev idence reveals (a) d i rec t techn ica l changes to adapt the furnaces 
to working w i t h gas instead of fuel o i l (1961), and then a further adapta t ion back to being ab le 
to use f u e l - o i l in at least one furnace (1969); and (b) many minor d i rec t modi f icat ions to increos' 
the e f f i c i e n c y of fuel usage in the furnaces; and (c) some important enlargements in the capacity 
o f the furnaces which also increased the e f f i c i e n c y of fuel usage ( ind i rect techn ica l changes). 
Coming f i n a l l y to techn ica l changes designed to reduce main tenance and repairs costs, 
a very notable series of changes took place in the period I 9 6 9 ° 7 0 . In the first p l a c e , as we 
have ment ioned , much of the main tenance and repair work was switched from be ing done by j 
p lant s ta f f , to being done by outside contractors, in order to save money. In the second p lace 
a newly organized Div is ion of M a i n t e n a n c e was created w i t h the mission of establ ishing a rat ior 
system of prevent ive maintenance throughout the ent i re plant w h i c h would be ob le to reduce 
maintenance costs. In pract ice it required a substantial investment of t ime and resources to set 
up this new system, because extensive study of the e q u i p m e n t , spares, operat ing p r a c t i c e , e t c . 
was requi red , plus the preparat ion of many new engineer ing drawings, ma in tenance manuals , et 
thus unit maintenance costs a c t u a l l y increased sharply in 1969 and 1970 before f a l l i n g somewhat 
in ' the succeeding two years. The o rgan iza t iona l and procedural changes involved are c l e a r l y 
d i rect cost reducing techn ica l changes, however , they olso had the e f f e c t of increasing the 
' a v a i l a b i l i t y ' o f the plant equipment and thus increasing plant c a p a c i t y . 
This above account has left out t echn ica l changes concerned w i t h reducing uni t de -
prec ia t ion and unit plant overhead costs ^because we do not have information on these. Howeve 
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<we can note ' e n passant1 that a l l the indirect t e c h n i c a l changes h e l p to reduce unit overhead 
costs through spreading these costs over a larger vo lume of output . 
So much for our examina t ion of the ev idence concern ing cost reducing t e c h n i c a l changes. 
W e can now ask , wha t conclusions ^bou't cost - reducing t e c h n i c a l change emerge from this 
e x a m i n a t i o n ? 
It seems possible to draw the fo l low ing conclusions: 
1) There are many d i f fe rent kinds of techn ica l changes w h i c h have contr ibuted to uni t cost r e -
duct ion in the Rosario plant . These include techn ica l changes w h i c h ( i ) increase m e t a l l i c 
y i e l d , ( i i ) increase the product iv i ty of the a u x i l i a r y raw mate r ia ls , ( i i i ) reduce unit labour 
requirements, ( iv ) reduce uni t consumption of indi rect m a t e r i a l s , (v) reduce unit e l e c t r i c i t y 
and fuel consumption, (v i ) reduce uni t ma in tenance and repairs costs, ( v i i ) reduce uni t de 
prec ia t ion costs, ( v i i i ) reduce unit plant overhead costs. 
2 ) It appears that " d i r e c t " techn ica l changes have been invo lved to a great ex ten t in account ing 
for the cost reductions a c h i e v e d v i a increasing m e t a l l i c y i e l d , increasing the product iv i ty of 
the a u x i l i a r y raw mate r ia ls , reducing unit consumption of ind i rec t mater ia ls , and reducing 
uni t ma in tenance and repairs costs, whereas ' ' ind i rect" t e c h n i c a l changes have been, most 
responsible for the reduct ion in unit labour costs. Both " d i r e c t " and " i n d i r e c t " t e c h n i c a l 
changes have contr ibuted s ign i f icant ly to reducing unit e l e c t r i c i t y and fuel consumption costs. 
3) Q u i t e apart from the " i n d i r e c t " t echn ica l changes w h i c h by d e f i n i t i o n involve c a p a c i t y in 
creases in order to a c h i e v e unit cost reduct ions, it is also c lea r that many of the " d i r e c t " 
t e c h n i c a l changes w h i c h reduce unit costs were not simply cost reducing t e c h n i c a l changes. 
Thus many d i rec t t e c h n i c a l changes were simultaneously c a p a c i t y -increasing a n d / o r a .ua l i t y -
. improving changes as w e l l , and in many such cases the uni t - cost reduct ion e f fec t may w e l l 
have been only a 'secondary' o b j e c t i v e of the t e c h n i c a l changes involved. 
4) In para l l e l w i t h this point concerning the mul t ip le object ives of many of the t e c h n i c a l change! 
which reduced uni t costs,, it is worth reca l l ing that the techn ica l changes incorporated in the 
prevent ive-maintenance campaign caused unit maintenance costs to increase sharply (at 
least in the first two years) obta in ing increased plant a v a i l a b i l i t y in return. Thus unit cost , 
reduction is not in any sense a 'sacred' o b j e c t i v e o f techn ica l c h a n g e , but rather an item that ¡ 
is sometimes " t r a d e d - o f f " against improvement in other p lant parameters. 
5) A s igni f icant type of cost - reducing techn ica l change in the plant is connected to the supply 
of primary and a u x i l i a r y raw mater ia ls to the plant from outside suppliers. In par t icu lar the 
i 
deter iorat ion in the q u a l i t y of such raw materials is a factor tending to provoke compensating 
technica l changes in the plant to offset the negat ive e f f e c t on unit costs caused by the reduced 
product iv i ty of the raw mater ia ls concerned. 
6) There is also some ev idence that changes in materials input prices have provoked techn ica l 
changes in the Rosario plant. For instance the techn ica l changes adapt ing the furnaces first 
from f u e l - o i l to gas and then back aga in seem to have been responses, in good measure to 
price changes. A lso there is some ev idence that the very sharo increases in scrap prices w h i c h 
occurred from 1969 onwards had the e f f e c t o f intensifying the efforts of p lant management to 
obtain offsett ing unit cost reductions both by d i rec t and indirect t echn ica l changes made in 
the plarfr . 
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hanges in the h u j p o j ^ p r g ^ n j ^ H 
T h e next v a r i e t y of changes w e shall be examin ing in this sect ion o f the report concerns 
hanges in the human o r g a n i z a t i o n o f the Rosario plant . 
For the purpose of discussion it w i l l be useful to distinguish two types of o r g a n i z a t i o n a l 
i chn ica l change. The first type consists of routine organ iza t iona l changes. These are very o f ten 
ound up w i t h techn ica l changes involv ing changes to equipment . For example if a change is made 
h ich involves automat ing some of the functions on a ro l l ing m i l l then this may w e l l require changes 
f work ing methods on the part of the m i l l ' s remaining operators and it may possibly also require 
>me reorgan iza t ion in the functions of the mi l l ' s supervisory personnel. This type of change - f rom 
ne w o r k - r o u t i n e to a n o t h e r - is obviously frequent. Indeed such changes do not necessari ly require 
prior change in equ ipment , a l though most o f ten this provides the stimulus. 
The second type of o rgan iza t iona l changes concerns those changes in o rgan iza t ion whose 
urpose includes contr ibut ing to more ' o p e n - e n d e d ' tasks and goals than those invo lved in the first 
ype- For instance, the strengthening of the plant 's Q u a l i t y Cont ro l D iv is ion in 1960-61 was an 
T g a n i z a t i o n a l change w h i c h we would class as o f the 'open-ended' rather than of the ' rout ine ' 
'ar ie ty . 
T h e important d i f fe rence be tw ee n these two var ie t ies o f o r g a n i z a t i o n a l change is that the 
lew o r g a n i z a t i o n created by an 'open -ended 'o rgan iza t iona l change is usual ly designed not o n l y 
o accompl ish speci f ic inmediate o b j e c t i v e s , but is also expec ted to generate new ideas, new 
asks and procedures for improving performance in its broad area o f competence in the future. 
The most important examples o f 'open - ended' o r g a n i z a t i o n a l changes we have come 
icross in the Rosario plant concern those changes w h i c h , from a n o r g a n i z a t i o n a l v i e w p o i n t , 
- 145 - v 
generated new special ist divisions w i t h i n the p l a n t , or else g r e a t l y strengthened ex is t ing 
ones. 
The three examples we have p a r t i c u l a r l y in mind are ( I ) the strengthening of the 
plant 's Q u a l i t y Contro l D iv is ion in 1960-61; (2) the sett ing up of the Industrial Engineer ing 
D iv is ion , w e be l ieve in 1964, and (3) the sett ing up of the M a i n t e n a n c e D i v i s i o n , in 1969. 
As w e saw in Sect ion I of this C h a p t e r , these three divisiones n o t o n l y contr ibute 
to the regular production a c t i v i t i e s of the plant by inspecting and cont ro l l ing the q u a l i t y 
o f product ion, sett ing up produfetion and cost standards, and ma in ta in ing and repa i r ing 
plant equipment - they also contr ibute to techn ica l changes by such a c t i v i t i e s as inves -
t igations of product defects , tr ials o f product var ia t ions , studies to determine cost - reduct ion 
possibi l i t ies, and machinery modif icat ions made in the course o f repair work . Hence the 
changes involved in setting u p , or s t rengthening, each o f these d iv is iones, not on ly r e -
presented techn ica l changes in themselves, but also gave rise to many new t e c h n i c a l changes 
in the i r respect ive areas o f competence. 
In other words, some organ iza t iona l changes, w h i c h w e have c a l l e d ' o p e n - e n d e d ' , 
have tended to generate a future 'stream' o f technica l changes arising out ot the i r normal 
ac t iv i t ies . 
The next point of interest w e want to investigate is - what led to these ' o p e n -
ended' organ iza t iona l changes?. W e have a l r e a d y noted , when discussing product q u a l i t y 
changes ear l i e r in the chapte r , that the 'cata lyst ' leading to the sett ing up of a strengthened 
Q u a l i t y Cont ro l d iv is ion in the 1960-61 per iod was t h e f a c t t h a t t h e R o s a r i o p l a n t was p l a n 
ning to d ivers i fy its production into the specia l steels f i e l d and that specia l steels required 
more de l ica te process control and more stringent product standards. Also w e noted that this 
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planned d ivers i f ica t ion was itself ascribed to the impending start up o f bulk steel production 
by a competi tor f i rm , Somisa. In other words the r e - o r g a n i z a t i o n of the q u a l i t y control 
department o f the Rosario plant can be seen as a d i rect response to v e r y spec i f ic and pressing 
circumstances. 
A similar s i tuat ion o f urgency seems to have a p p l i e d in the case o f the sett ing up 
of the M a i n t e n a n c e Div is ion in 1969. Here the problem v/as that in the years 1 9 6 7 - 6 9 the 
Rosario plant had been even more than usual ly starved of invest iment funds due to Acindars 
:ommitments and problems w i t h its vast integrated plant project . As a result much of the 
vorn out equipment and parts in the Rosario plant could not be rep laced or r e n o v a t e d , and 
he plant's production started to be seriously interrupted by more and more f r e q u e n t machi n e r y 
>reakdowns. The response was to great ly increase main tenance expenditures to keep the 
nachines running - and this, led to the setting up of the M a i n t e n a n c e Div is ion to put into 
notion a r e a l l y comprehensive programme of prevent ive ma in tenance designed to k e e p 
he plant 's units funct ion ing and to systematise and rat ional ise ma in tenance procedures so 
is to stop maintenance costs from escalat ing. 
Thus, i n this case too , an important o rgan iza t iona l change was c l e a r l y a response 
o immediately pressing circumstances whose or ig in lay in changes outejde the Rosario plant . 
Since it was the o v e r a l l f i n a n c i a l s i tuat ion o f A c i n d a r w h i c h had cause the de ter iora t ion of 
he machinery in the Rosario plant to reach the crisis point). 
O b v i o u s l y it w o u l d be misleading on the basis of just these two examples , to reach 
i e conclusion that a l l important organ iza t iona l changes in the Rosario plant have been produced 
s responses to pressing ex terna l circumstances - indeed w e know of severql examples of 
gn i f icant o rgan iza t iona l changes w h i c h have arisen for other reasons, e .g . as part of • 
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company - w i d e reorgan iza t ion programs put into march by A c i n d a r as a w h o l e - but the 
example o f the Rosario plant does suggest that the emergence of a t least some spec ia l i t ies 
w i t h i n industrial plants is l i k e l y to be in circumstances of ' fo rced response' rather than 
' forward p lanning ' . 
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Iricreme nta j J[ecj_ini ca ]_Cha ncje_s_ 
O u r concern hare is to exp lore - in somewhat more d e t a i l tho nature of the inerer? enta l 
techn ica l changes that have been introduced ip the Rosario plant." 
W e propose to do this by a n a l y s i n g ^ sample o f tho ind iv idua l t echn ica l projects oer • 
formed by various of the plant 's d iv is ions, and reported on in the a n n u a l l y compi led Rosa-' 
\ , 
rio 'P lant Reports'. N o t a l l of these i n d i v i d u a l . t e c h n i c a l projects constitute t e c h n i c a l 
¿hanges. However this is an advantage for our purooses, because it w i l l permit us to see 
how t e c h n i c a l change a c t i v i t i e s spring up alongside the ordinary ac t i v i t i es of the divisions 
concerned. 
I. Mo_in^nancg_ACti v i tjes^ 
¿which ware 
Vve shal l first analyse the projects/re carted on by the Energy and M a i n t e n a n c e sect ion 
of the Plant Engineer ing Div is ion in the 1963 -69 Plant Report and also the projects re 
ported on by the M a i n t e n a n c e Div is ion in the 1969 70 Plant Reoort ( I ) . W e use the term ' 
'p ro jec t ' to denote each repair task, maintenance task or other task wh ich was i n d i v i d u a l -
i zed in these olant reports cs hav ing been performed. For exar rp le the " i n i t i a t i o n of a 
program of inspection of e q u i p m e n t , start ing w i t h the s t e e l a c k i n g uni ts , to examine their 
state and determine when to program repairs" counts as one oroject . So too does the 
"cont inu ing of tr ials o f ref ractory materials to determine the product iv i ty of imported 
versus'nat ional re f rac tor ies" . Further instances of ac t i v i t i es soanted as single orojects 
are "the construction o f a new mix ing ladle" and " a complete reoatr carr ied out on the 
G 2 2 M o r g a n crane" (2) . 
(1) The 'Energy and M a i n t e n a n c e ' section of the Plant Engineer ing Div is ion was mode 
. into an independent M a i n t e n a n c e Divis ion in 196.9. 
(2) Ev iden t ly this method of analysing the data suf fer j from the. problem that big projects 
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The two Plant reports w h i c h w e referred to above make br ie f ment ion of a l together 
110 d i f fe ren t 'projects' carr ied out by the M a i n t e n a n c e s e c t i o n / D i v i s i o n in the years 
1968 - 6 9 and, 1969 - 70. 
For the purpose of analysis we have d iv ided these 'projects ' into the fo l low ing categor 
1) Projects wh ich consist of changes made in the methods of carry ing out or organiz ing 
maintenance work (e.g. the change to the contract ing out of much ma in tenance work in 
1963 -69 , or the appointment of an add i t iona l -eng ineer to the specia l charge of prevent ive 
maintenance ac t iv i t ies ) . These projects we ca l l "Changes in work o r g a n i z a t i o n " . 
2) Projects wh ich consist of .(a) the rev iew ing end crea t ing of basic engineer ing inform -
a t ion about the exist ing equipment and spares, or (b) inventory deve lopment and invent 
ory control for spares, or (c) standcrdiut ion a c t i v i t i e s a p p l i e d to e q u i p m e n t , spares, 
• lubr icants, e lect r ica l dev ices , e t c . - i n c l u d i n g the deve lopmer t of standard plant manuals 
cover ing purchases, repairs, maintenance and lubr icat ion schedules. This group of 
projects w i l l be termed " R e v i e w , Inventory and Standardize*ion A c t i v i t i e s " . 
3) Projects wh ich consist Of inspections performed on mach inery or refractor ies in order 
to determine their state and to assess the need for reoairs a n d / o r modi f icat ions. These 
projects ere termed ' ' l P £ P 2 . c J l i f ' 2 . c _ h ' j ] x T Z . 9 1 ^ x f l ! ! • 
4) Projects wh ich consist of using non destruct ive tests car r ied out on equipment 
or of tr ials performed to test the su i tab i l i t y of a l t e r n a t i v e re f rac tory mater ia ls . These 
projects w i l l be ca l l ed "Tests on M a c h i n e r y or Refractor ies". 
5) Projects wh ich involvef?eod^irs loeing carr ied out to equ ipment ,when no ment ion is 
and small ones get the same status w i th in the sample but this does not prevent the ana 
lysis from revea l ing a good deal about the nature of ma in tenance a c t i v i t i e s in the p l a n t 
and the w a y that techn ica l changes arise from them). 
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made of any modif icat ions hav ing been carr ied out. These we w i l l ca l l "Reoairs__to Mach iner ; 
6) Projects in wh ich modi f icat ions were made to ex ist ing machinery or in w h i c h new i r a 
chinery was instal led. These w i l l be ca l l ed " M o d i f i c a t i o n s made to M a c h i n e r y " . 
The breakdown of our sarrple of I I projects d iv ided into these s k categories is shown 
in the fo l lowing Table . 
A N A L Y S I S Ç5F PROJECTS REPORTED O N BY THE P L A N T ' S M A I N T E N A N C E 
D I V I S I O N , "1963-69 A N D 1 9 6 9 - 7 0 
TYPE O F PROJECT CARRIED O U T N U M B E R O F PROJECTS 
Changes in work o rgan iza t ion 
R e v i e w , inventory and standardizat ion a c t i v i t i e s 
Inspection of machinery or refractories 
Tests on machinery or refractor ies 
Repairs to machinery 
Modi f ica t ions made to machinery 
-Modi f icat ions made, as part of repair projeo)* 
Modi f ica t ions apparent ly made as separate 
projects 
J Modi f i ca t ions ' Invo lv ing insta l la t ion or 








. This tab le is interesting for a number of reasons. First of a l l it s hews that a s ign i f icant 
f ract ion o f the a c t i v i t y of the plant 's rr-aietenance division in 1963 -69 and 1 9 6 9 - 7 0 , was 
concerned w i th modi fy ing_machinery rather than merely ma in ta in ing and repa i r ing it. 
Second ly , it is c lear from the nature of the changes made in work organisat ion and 
from the projects in the sample , that a t least some of the modif icat ions made to mach inery 
•did^pot fo l low from a " l e a r n i n g by doing" s t ra tegy , but , ra ther , from a systematic 
" p r e v e n t i v e maintenance" strategy wh ich had a l r e a d y begun to be implemented in 1968 6 9 
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a n d w h i c h w a s t h e n g r e a t l y e m p h a s i z e d t h r o u g h o u t 1 9 & 9 ^ 7 0 . 
The essence-of this prevent ive maintenance strategy is that it invo lved a. systematic 
strategy designed to lead to,greater machinery a v a i l a b i l i t y and lower ma in tenance costs. 
This strategy consisted, f i rs t , o f ¡ n f o i p a t j o r ^ a t j l e r m g a c t i v i t i e s designed to put a t the, 
-disposal o f the maintenance division the basic eng ineer ing data needed fo r carry ing out 
maintenance work e f f i c i e n t l y . This data included eng ineer ing drawings of a l l the plant 's ~ 
mach inery , machinery components and spares, plus informat ion about 'permi t ted to le rances , 
about materials properties and lubricatir ig reeds, e t c . , much of w h i c h informat ion was 
missing cr simply not a v a i l a b l e in systematic form. H e n c e . t h e presence of a l l the " R e v i e w , 
Inventory and Standardizat ion' 1 ac t i v i t i es in the T a b l e . 
The second e lement in the strategy consisted o f a programme of prevent ive i p ^ p ^ c ^ j c ^ 
o f machinery (and re f rac tor ie^ designed to load to suggestions for planned repairs a n c / o r 
modif icat ions that needed to be made. 
the third e lement consisted, o f course, in the carr^jQ£J_put_of_the_reop_irs_and_rrioj-
d if? cat ions w h i c h were dec ided on. Indeed the tab le shows how, in II out o f 32 pro jects , 
repairs and modif icat ions were carr ied out simultaneously. 
The central point v /hich emerges from this account is that " p r e v e n t i v e ma in tenance" 
is not so much a l e a r n i n g - b y - d o i n g strategy as a research- type strategy w h i c h consists o f 
the sequence: Basic information, ga ther ing—inspec t ion—-^ -D iagnos is—-»P lanned Repairs 
and Med if ¡cat ions. 
This whol« strategy has ar. one o f i ts.key elements the a im of be ing able, to joredict 
the performance and deter iora t ion of machinery in work ing condit ions - and successful 
p red ic t ion tends to require , a research effort to determine what the re levant work ing 
condit ions are . I n e v i t a b l y ' a ' r e s e a r c h ef for t of this k i n d w i l l s y s t e m a t i c a l ] ^ uncover 
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possibilities for improving performonce-in-use by means of mod i f icat ions -«specially 
when this improvement objective is formally part of the Division's duties. Hence there 
seems to be a good case for regarding the stream of small machinery modifications which 
flow from the work of the Maintenance division in the Rosario plant, as a stream generated 
via a modest form of in-plant R&D, which is carried out by maintenance personnel and in 
which the object of research attention is the gaining of knowledge about the performance 
characteristics of the particular assembly of capital equipment which they have to main-
tain. The value of adopting this view is that it suggests the possibility of arriving at an 
'optimal' assignment of resources to this "maintenance R&D" activity given that a valuable 
output can be expected to result from it in the form of incremental perfoimance-increasing 
modifications. 
2. Actij/_of_the_p_hr^L.^DS.'!le®rinc| Division 
The second sample of projects which we shall analyse are those which were reported 
on by the 'Technical Office' o f the Plant Eng ineering Division in 1968-69, plyis those 
reported by the Engineering Division in 1969-70 and 1971-72 (I). 
In 1969-70 a large part of the work of the Engineering Division was absorbed ip 
generating both basic engineering data and standardization data about equipment and 
spares, because this data was needed by the Maintenance Division in the setting uj> of 
its Preventive Maintenance Strategy. However, quite apart from these "technical as-
sistance to maintenance" activities, the plant reports reveal a sample of 55 other projects 
carried out under the responsibility of the plant's Engineering Division in the three years 
1968-69, 1969-70 and 1971-72. These projects are analysed in the Table opposite. 
i • ' 
(I) In 1969 the foimer'Plant Engineering Division"was split into two separate Divisions, 
the *Ma intenance D iv is iònand the*Eng ineering Division." Por simplicity we shall 
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A N A L Y S I S O F 5 4 PROJECTS C A R R I E D O U T B Y T H E E N G I N E E R I N G 
• D I V I S I O N O F THE R O S A R I O P.LANT I N THÉ Y E A R S 1 9 6 8 - 6 9 , 1 9 6 9 - 7 0 and 1971-72 
TYPE O F PROJECT N U M B E R O F PROJECTS 
M a j o r e n g i n e e r i n g projects invo lv ing 
ex tens ive modi f iCât ions to the p lant 's 
ma in processing units * 
" 2 
Projects invo lv ing the ins ta l la t ion o f 
a d d i t i o n a l equ ipment in p lant 13 
Projects i n v o l v i n g modi f i ca t ions to 
equ ipment 16 -
Projects invo lv ing a m p l i f i c a t i o n s o f 
bui ld ings 3 
Projects i n v o l v i n g r e l o c a t i o n o f e q u i p m e n t 3 
' P r e - p r o j e c t ' studies 
T O T A L 
* . J 
* T h e s e two projects w e r e car r ied out in c o n j u n c t i o n w i t h the Plant 's 
R o l l i n g D i v i s i o n , a n d consisted o f ( i ) a g e n e r a l reform car r ied out on 
the B i l l e t m i l l in 1969 - w h i c h i n v o l v e d no less than 19 d i f f e r e n t 
mod i f i ca t ions to various parts o f the m i l l ' s e q u i p m e n t ; and ( j i ) the 
ma jor m o d e r n i z a t i o n car r ied out to the Bar and Pro f i l e m i l l in 1971. 
W e can now make a number o f observat ions a b o u t this t a b l e . Fi r s t , the t a b l e 
suggests the ex is tence in thé p lan t o f considerable i b e r n a I j î n g j n e e r i n ^ c a p a b i ] i j y _ . 
In f a c t / in a l l the projects n o t e d , w i t h the e x c e p t i o n o f t h e 17 pre - p r o j e c t s , the r e s -
pons ib i l i ty of the Eng ineer ing D i v i s i o n inc luded ( i ) the P r e - p r o j e c t , ( i i ) C o s t - e s t i m a t i o n , 
and ( i i i ) the c a r r y i n g through o f the pro jec t i t s e l f , i n c l u d i n g inspect ion o f e q u i p m e n t , 
components and suppl ies , and the ins ta l la t ion work . T h e use o f outs ide suppl iers to 
supervise ins ta l la t ion was ment ioned in o n l y one o f the 3 7 c o m p l e t e d projects . 
from now o n r e f e r , for a l l three, years , to the "Engineering DivisionH, a n d w e sha l l 
e x c l u d e from the f o l l o w i n g analysis a l l the M a i n t e n a n c e projects for the year 1 9 6 8 -
6 9 w h i c h w e ana lysed e a r l i e r . 
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The-sophist icat ion o f this i n t e r n a l eng ineer ing c a p a b i l i t y is most: c l e a r l y e v i d e n t 
w i t h regard to the carry ing through of the two 'major ' eng ineer ing projects w h i c h are 
shown in the tab le . : : .'. ' 
The second point worth not ing is the approx imate ly equal f requency o f projects 
invo lv ing modif icat ions to equ ipment , and projects invo lv ing the purchase and i n s t a l - " 
la t ion of new equipment. 
The third point of interest concerns the a c t i v i t y registered as 'p re -pro jec ts ' in 
the Tab le . W h i l s t 9 of these 17 pre -pro jects were, later imp lemented , it appears that 
the other 8 ' w e r e not. Amongst the 8 re jec ted were ambit ious projects for e l e c t r i c - a r c 
s tee lmaking units to be instal led in the p l a n t , a pro ject for converter s tee lmaking 
uni ts , a project concerned w i t h the handl ing o f 40 ton 'heats' o f s tee l , a pro jec t for new 
stands for the b i l l e t m i l l , and a project to instal l machinery for making steel posts. 
These projects e v i d e n t l y represented efforts to t race out some f a i r l y rad ica l future op -
tions for the plant . 
The conclusions we can draw from this br ie f survey, based on the T a b l e , are that 
a substantial amount of 'endogenous' eng ineer ing is involved in the implementa t ion o f 
incrementa l t echn ica l changes in the Rosario plant - and that the eng ineer ing ' c a p a b i l i t y ' 
w i t h i n the plant has been strong enough to also permit the D iv is ion to contr ibute to two 
"W - ' 
major t e c h n i c a l changes in the p l a n t , as w e l l as to engage in specula t ive e n g i n e e r i n g 
studies c o n c e r n i n g the plant 's future. 
3. The ac t i v i t i es of the Industrial Engineer ing D iv is ion 
The third sample o f projects w e shall analyse are those w h i c h were reported in 
the 1968-^69 Plant Report by the Industrial Engineer ing Div is ion. 
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The tab le o v e r l e a f shows the results of this analysis. 
The most interesting thing that can be observed is how the Industr ial Engineer ing 
Div is ion functions ex jqnte in considering thè economic e f fects of proposed t e c h n i c a l 
changes, as w e l l as ex_posHn adjust ing production and cost standards to those changes 
that have been introduced. 
Another interesting point is that out o f the 43 techn ica l changes introduced or 
proposed (a l l incrementa l ) on ly 8 invo lved new machinery or modi f icat ions to m a c h i n e r y , 
compared to 12 involv ing output mix changes, 6 invo lv ing input mix changes, 13 
invo lv ing opera t ive changes of various k inds, and 4 invo lv ing output q u a l i t y changes. 
This is interesting because it suggests that much M i nc rementa l B change resides in these 
var iat ions to output and input m i x , output q u a l i t y and opera t ing techniques as w e l l as 
o c c u r r i n g in the more w e l l - k n o w n form of machinery modi f icat ions and addi t ions. 
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ANALYSIS OF 72 SEPARATE PROJECTS CARRIED OUT BY THE INDUSTRIAL 
ENGINEERING DIVISION 1968-69 
Typo of project 
Number of projects 
of'this type 
* .Studies of remunerations and incentives. 
* Budget presentations and cost accounting projects. 
* Studies of methods, ¡ripuirquantities: etc. in particular plant sections - for 
whicri no special mention was made of any immedialely prior or planned 
... technical change which provoked the studies. 
* Projects to classify or standarize particular product ranges. 
* Projects aimed at determining ex-pbsFthe change in production standards 
: effected by the introduction of specific technical changes. 
Type of technical change involved "Number of projects 
. Shifts in the basic .or-diménsio-nal product mix. 
Changes in the grade, quality or dimensions of 
. . . intermediate products used as .inputs. 
Changes in product quality specifications. 
Modifications to machinery. • •.•'£. \ 24 
Operational changes affecting process yield. 
Clian'ges in the number of shifts operated or hours 
worked. 
Other changes in operating me thods. 
* Projects aimed at determining ex-ante what the economic effects (including 
the effects on production standards) would be if specific proposed technical 
changes were adopted. 
Type of technical change involved "Number of projects 
Product diversifications. 
Shift in the basic or dimensional product-mix. 
. Changes in the grade, quality or dimensions of 
intermediate product inputs. 
Introduction of new machinery. 3 :19 
Modifications to machinery. 
• Changes in the number of shifts operated. 
Oilier changes in operative methods. 








Notes to the Table: • 
1. 14 of thetotal of 86 projects mentioned in the 1968-69 Plant Report have been regarded as 
"miscellaneous" and left out of |hc classification. ' 
2. Most of the projects s hown in the Table refer to analyses carried out on the activities of 
particular productive sections within the Rosario plant, rather than to the plant as a whole. 
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4. The ac t iv i t i es of the Q u a l i t y Cont ro l D iv is ion 
W e come, n o w , to look b r i e f l y a t the a c t i v i t i e s of the Q u a l i t y Cont ro l Div is ion. 
The projects recorded in the 1968-69 Plant Report are analysed in the Tab le below. 
A N A L Y S I S O F 2 7 PROJECTS CARRIED O U T BY THE Q U A L I T Y C O N T R O L D I V I S I O N 
' 1 9 6 8 - 6 9 
Type o f Project ^ p T o ^ c i f 
Instrument . repair , ca l ib ra t ion and construction. 4 
Routine controls on the mechan ica l parameters of products. ' 3 
Intensi f icat ion o f control procedures for cer ta in products. 1 
Development of new or modi f ied methods of analysis. 4 
Q u a l i t y control efforts app l i ed to raw mater ia l inputs. 3 
Destruct ive and non destruct ive tests to determine q u a l i t y 
of various di f ferent products. 5 
Part ic ipat ion in plant experiments designed to improve process 
conditions thus raising product q u a l i t y . 2 
Learning in cooperat ion w i t h outside organisat ion about how 
to process a new kind of steel grade in the Rosario plant. 2 
Invest igat ion of the or ig in of product defects. * 1 
Invest igat ion aimed a t increasing process yields. 2 
T O T A L 2 7 
The key point wh ich emerges concerns the last four items in the t a b l e , representing 
7 out of 2 7 projects in a l l . These projects display a c lear "research type" a c t i v i t y tak ing 
place w i t h i n the Q u a l i t y Contro l d iv is ion . 
Conclusion 
The basic conclusion which emerges from this very br ief survey o f ind iv idua l t e c h n i c a l 
projects performed by various of the Rosario plant's divisions is that the generat ion of increments 
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•echnical changes w i t h i n a plant is very far from being a c o m p l e t e l y assured th ing wh ich 
just "happens" as output volume increases. O n the contrary, the exper ience of the Rosario 
plant suggests that incremental change needs to b e - e x p l i c i t l y o rgan ized for. Indeed it a p -
pears that a considerable f ract ion of the incrementa l changes introduced in the Rosario 
plant were generated by " research - type" strategies rather than by pure t r ia l and error 
methods. i 
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Summary of J_ne findings ¿n thejiature and_rate_<:rf 
Our aim here is simply to review very briefly the main findings about the nature 
and rate of technical change which have emerged from a 11 the evidence and analysis presented 
previously in this section. We present these findings in the order in which the analysis was 
carried out. 
1. To begin with we noted.that the panorama of evolution of the Rosario plant embraced 
multiple different kinds of changes. 
2. We then explored the distinction between technical changes and 'scale multiplying' 
changes, and pointed to the need to distinguish between the actual technical (or scale-
multiplying) changes made, and their effects_ in influencing the various different 
'parameters' relating to output and performance. 
3. Next we looked at the pattern of growth in the volume of output from the three principle 
pi'od-uctive sections of the Rosario plant, and observed (a) the overall ¡growth_-context 
in which technical change in the plant had taken place., (b) the uneven growth rates 
experienced by the different sections of the plant both with respect to eachother, and 
across time, and (c) the lack of any obvious optimum or equilibrium points on the growth 
path. 
4. After this, we then turned., to-examine-the obj_ectjves_of technical'change in the Rosario 
plant. What we!disco;vered was (a) that capacity-increasing technical changes had 
occurred with great frequency in'our sample of 3:0 important technicdl 'changes carried 
out in the plant, and (b) that product quality changes, product diversifications, iiinit cost 
reducing technical changes, cpd technical changes to offset input deteriorations had also 
figured in the sample.. This clearly showed that the objectives of technical changes in 
the plant had been multiple, not just unit cost reduction. Furthermore we saw that the 
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picture was st i l l further complicated by the fact that many of the individual technical 
changes in the plant had had multiple objectives and consequences -i.e. they were 
designed to affect mor6 than just one of the 'parameters' of plant output and performance 
at a time. 
5. Turning next to analyse the changes in the output mix of the Rosario plant, we noted 
(a) ah impressive history of product diversif ications which ;were carried out on the Bar 
and Profile mill (involving the launching of no less than fourteen new classes of products 
during the mill's life), and (b) that there had also been very significant changes introduced 
in the output mix of the intermediate products produced by the plant. We saw that 
technical change was responsible for al]_ the product diversifications of the Bar and 
.Profile mil! and also for permitting []nost_of the changes in the steel grade product mix 
and dimensional product mix of the intermediate products to take place. We also saw 
that the new product launches on the Bar and Profile mill had on several occasions 
played a vital role in keeping the mil! occupied in the face of fall offs in its effective 
demand due to competition from the Acevedo plant; and we saw that the changes in the 
: dimensional output mix of billets and ingots had largely been carried out for the sake of 
increasing the plant's "productive capacity. 
6. There then followed a detailed analysis of the growth of production capacity in the 
plant's three main production sections. The main findings which emerged were that 
(a) technical change had been responsible for rather more than half of the productive 
capacity increases achieved in the steelmaking section and for all of the productive 
capacity increases achieved in the billet mill and the bar and profile m i l l , (b) that 
incremental change had played the leading role in accounting for the capacity increases 
due to technical change in the steelmaking section and billet mill (although not In the 
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bar and profile mill), and (c) that most of the technical changes which produced the 
observed capacity/increments had had as their ma in objective to produce increases in. 
capacity. . 
7. After this came an cnalysis of the changes in product quality introduced in the plant. . 
It was shown that a very important set of technical changes affecting product quality 
. were introduced in 1960-61 as a consequence of the planned diversification of the .... 
' Rosario plant into producing special steels. Further analysis then confirmed that intended 
product diversification was often,though not always, the catalyst of product quality 
changes. 
8. Next to be analysed were changes in unit costs in the plant. It was shown that both 
• 'direct' and 'indirect' technical changes had contributed to unit cost reductions —the 
former having been more important with regard to increasing metallic yields, increasing 
the productivity of auxiliary raw materials, reducing unit consumption of indirect 
materials and reducing unit maintenance and repairs costs, and the latter having been 
more important with regard to reducing unit labour costs. 
9. Then we turned to changes in the human o r g a n i z a t i o n of the Rosario p l a n t , and pointed 
to ' the great importance of the emergence (and strengthening) of new specia l isl-divisions 
w i t h i n the plant -s ince these new or strengthened divisions then became the sources o f 
future "streams11 of minor techno log ica l changes. W e also showed that in two cases 
these major organ iza t iona l changes had arisen in circumstances o f " forced response" . 
rather than "forward p lanning" . 
10. Finally we briefly analysed the complete 'set' of technical activities reported in a 
number of the Rosario 'Plant Reports' as having been performed by (i) the Maintenance 
Division of the Plant, (ii) the Engineering Division, (iii) the Industrial Engineering 
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Division, and (iv) the Quality Control Division —in order to see what light such an 
analysis would throw on the subject of incremental technical changes in the plant. This 
analysis; showed cléarly the important role played by these Divisions in generating in-
cremental technical changes in the plant, arid also produced the interesting finding 
that much of thè learning leading to the generation of technical changes by these divisions 
is rather clearly the product of'research-type' strategies. 
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SECTION III 
Ol^en^ti(^s_onjhe Causes _o_f Xechn kaIJ^hange^ jn the ' 
Rosario Pjarrt 
The account we gave in the previous section of the technical changes introduced in the 
Rosario plant suggests that many of therp emerged as responses to sharply changedjsx-tcmqj cfrcu? 
tances_which came to affect the plant. 
Most notably, the "effective demand8 faced by the Rosario plant was abruptly changed 
on several occasions by the impact of changes which took place in the production capacity of th< 
Acevedo plant. The most important of these chdnges occurred in the years 1951, 1962 and 1972. 
Al l three of these changes had the effect of dra^ically reducing the utilization of capacity of tb 
Bar and Profile-mill of the Rosario plant —and resulted, in two out of the three cases, in techrw 
changes, being made in the Bar and Profile mill fo diversify its production into new classes-of 
producb. 1 
The other major effect in the case of ?he 1962 and 1972 changes, was to generate a sharj 
increased demand for billets from the Rosario ploni to service the raw material requirements of tfis 
>h©n underutilized new rolling capacity in the Acevedo plant. To meet this sharply increased 
demand, the Rosario plant had to respond by doing its best to increase ingot and billet production 
as fast as possible. 
Furthermore the major technical changes carried out in the 1960-61 period to diversify 
production into special steel grades, and fo produce f£ more stringent quality standards, were als< 
a response to sharply changed external circumstances, in this case the coming on-stream of the 
large-scale steel producing units of a competitor firm, 5omisa, which threatened AcindarH hold 
on the demand for common steel products fherj being sefViced by the Rosario plant, th is can be 
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ansidcred oo an exemple of technical change being caused by an imminent change in the comgosj-
on of the o'/fective demand facing the plant. 
Another importent example of technical change being carried out in response to sharply 
hanged external circumstances was the intensification of preventive maintenance procedures 
arried out in 1969 in response to the deteriorating situation of the plant's machinery which was 
self provoked by Acinaars marked ca;h shortage for investment in the preceding two years (i.e. 
n event externa! to the Rosarîo plant). 
The common element in all these examples is that an abrupt change in circj-r.-tances ex-
irna'i to the Rosario plant generated an urgent need for technical changés to be performed in the 
Ian v. The urgency derived from the fact thct, in every case, the result of not_ doing anything 
ou-Sd have been to permit or perpetuate a damaging underutilization of productive capacity, 
ithsr in the Acevedo plant's rolling milis or in the Rosorio plant's Bar and Profile mill. In these 
rises-, then, technical changes can be seen as a response-virtually forced on the Rocario plant in 
rdsr ro over; the serious penalties implied for Acindar in having large amounts of underutilized 
xed capitai.- We shall call these kinds of technical changes 1 exogejpusJ^demanded' so as to 
idicata r'vcs presence of strong external factors generating urgent demands for technical change on 
¡e Rciqrio 'plant. 
In fact the historical situction of lack of sufficient billet inputs for the Acevedo picnt'r. 
ill?, which first became important in 1962, has persisted ever since then (I), and this has led to 
practically £^£.Toanent_exogenous demand on the Rosario plant, since 1962, to increase its billet 
i 
jJtput destined for the Acevedo plant. 
~ * — ; 
; The main reason for the persisting shortage of billets was that Acindar's successive integration 
projects, aimed at in^ta11ing blast furnaces and primary rolling facilities in thp Acevedo plant, 
were ccntir.uo:,iy postponed by the Argentine government, and it was only in 1974 that Acindar 
rccoîvec! o definite gt,-ahead to integrate the Acevedo plant, this time with Direct Reduction 
Ur.iio that are expected to come on-stieam. in 1978. 
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The next category of technical changes which we can distinguish in our effort t"> analyse 
the different causes of technical changes in the Rosario plant, is what we call 'e_xo^rpusjy_stimu~ 
kited,'technical changes. These are technical changes made in the plant in response to anticipated 
or actual changes in the volume and composition of effective demand, or in the cuality, 'composi---
tion or price 6'f the plant's raw materials inputs. However, unlike in the 'exogenously demanded' 
changes the external factors which stimulate the changes in this second category are not of the kind 
that pose'immediate threats to the company's profitability if they are not responded to. For instance, 
in the case of the Rosario plant, the cumulative deterioration in scrapquality over the years became 
a stimulus to technical changes which weramade to improve scrap quality control, scrap selection 
procedures, and scrap densification, but these.technical changes could not bb regarded as falling 
into the -same category of urgency as the ones described earlier. Further exan pies of 'exogenously 
stimulated' technical change were stiri ulated by derrand -side factors. For exarr pie, the in portant 
product diversifications in reinforcing bars carried out in the Bar and Profile mill v ere stir ulated 
by the. growinjg "sophistication of n arket demand,and the expansion of the output of the Bar and 
Profile rt i l l carried out between 1969 and 1971, which involved major technical changes, vvas also 
stimulated by expended den and and further exarr pies could be given. 
The third category of technical changes which v e can distinguish nay be termed 'endo 
genously generated' technical changes. The important feature of these changes is that they do > not 
. erto C3 responses to deal with changed external factors -rather they arise from the regular 
activities of plant personnel (and plant divisions), who are concerned with increasing plant effi -
ciency, and who are on the lookout for opportunities to do so. 
M a n y kinds of techn ica l changes we noted in th© Rosario p lant f a l l into this th ird category. 
For ' in;:cnce the machinery modi f icat ions regular ly made when equipment is down for repa i r , the 
cost reduct ion studies of the Industrial Engineering Depar tment , the improvements in operat ing 
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procedure rrade as a result of greater familiarity with eauipnrent, etc. etc. rray all be regarded as 
'endogenously generated1. The common denominator is that the technical changes we have called 
'endogenoosly generated' do not depend or resoond to particular changes in the external environment 
of the plant but arise from the application to equipment and procedures of improvement criteria .• 
which may be thought of as "internalised" in the heads of plant personnel and also "formalised" 
in some of the regular tasks of the plant's operating divisions. The stimulus for 'endogenously -
generated' technical change may come from an equipment breakdown, or in the course of an 
internal plant study or from an idea of the. plant's manager or an engineer, forerran or worker. 
The key point however, is that the source of the stimulus is internal rather than external to the 
plant. 
Now that we have defined and given examples of these throe categories of technical 
change we shall make use .of them in discussing the particular path of technical change taken in 
the Rosario plant. 
The central point to be made ia that a high proportion of the most significant technical 
changes made In the Rosario plant appear to have been 'exogenously demanded' i.e. carried 
out under pressure to meet urgent external requirements and it is also evident from the record 
that the plant has been able to react successfully when faced with these requirements. In parti 
culor we can note that the urgent reauirerr.ents from 1962 onwards for higher billet output from 
the Rosario plant were met by a highly successful record of capacity stretching technical 
change in the steelmaking units and billet nr i l l , and that the successive crises imposed on the 
Dar and Profile mill by the changes in the Acevedo plant have been met by a successful program 
of product diversification. 
In addition to responding directly to the particular immediate requirements that gave 
rise to them, many of the 'exogenously demanded' technical changes have also dimulated a greater 
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intensity of 1 endogenous ly ••generated1 technical changes in the plant. Such an effect is 
clear to trace in the cases of the exogenously demanded technical changes which caused 
the strengthening of the Quality Control division and reorganisation of the Maintenance 
division, since these two strengthened divisions quickly began to generate 'streams' of 
minor improvement type technical changes in their areas of competence. 
It is also likely that the virtually permanent urgent need of the Acevedo plant for 
more.billets from Rosario must have caused Rosario plant personnel to 'internalise' more 
intensively than normal the value of being on the lookout for capacity -stretching techni -
cal. changes in the plant. 
The interesting conjecture one can raise in connection with the importance of exo 
genously demanded technical changes is that perhaps the overall success of the Rosario 
plant in adapting itself so successfully on a low investment budget has been partly due 
to the very urgency of the external pressures'which affected the plant? The suggestion 
is, in other words, that being forced to adapt by strong extsmal pressure led the oersonne 
Of the Rosario plant on many occassions to learn quickly how to strech, adapt and adjust 
their plant to changing circumstances, and that this "learning under pressure" was in.some 
sense extremely "efficient" in producing successful technical changes in the plant, both 
directly in the sense of giving rise to specific responses to the original external stimuli 
involved, and also indirectly in terms of intensifying the overall endogenously generated 
technical change effort within the plant. .. 
This conjecture -concerning the efficiency of 'learning under pressure' - has a 
plausible ring to it. However the form in which the conjecture usually gets attention in 
the literature is in connection with the rarher narrowly circumscribed set of pressures con-
nected with bottlenecks, For instance Paul David, in reference to Nathan Rosenberg's 
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idea of "compulsive sequences" of technical change states that:" Interna I technical rela -
tions among the elements of a production process rather than external market conditions 
•generate a sucoession of more or less obvious 'engineering challenges', practical dif -
ficulties that serve to focus inventive effort in one direction or another at different mo-
ments of time. The need for resolution of each of the compelling problems typically is 
signalled by breakdowns, equipment malfunctions, or nore generally, by the materiali -
zation of physical bottlenecks of highly specific kinds" (I) 
We do not quarrel with this view so far as it goes, but evidently the experience of 
the Rosario plant with technical change shows that external market conditions can have. 
a powerful effest in 'orienting1 the profitable direction of engineering challenge. For-
instance it is obvious that the undertaking of a sequence of technical changes which 
involves removing a succession of bottlenecks will seem a more worthwhi le act iy i ty in a 
plant where there is a need to expand beyond its existing outout than in one facing a 
static or declining demand. Conversely, in a case when demand does decline (as hap-
pened for the "effective demand" of the Bar and Profile mill of the Rosario plant on many 
occasions) then management is likely to be compelled to think about the possibilities 
of adapting the capital equipment concerned so as to diversify its production. As Edith 
Penrose put it "the significance of existing resources may not be noticed by particular 
firms when their management is preoccupied with satisfying the demand for existing pro-
ducts, but it becomes very much in evidence when demand falls off". (2) 
To sum up -.the basic point which we have made concerns the great importance of 
(1) P. A. David Technical^ hemge^^Xn_noyat]on^and Jconomic Growth, Cambridge Univer-
sity Press, 1975, p. 33. ... 
(2) E. T. Pe nrose, The Theory of the Grow^_of_tjie_Firm, Basil Blackwell, 1966, p. 37. 
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'exogenously-demanded' technical changes in th3 evolution of the Rosario plant. We 
also conjectured on the possible "efficiency" of urgent external requirements in calling 
forth adequate technological responses from the plant. 
Indeed it is our impression that the particular external circjmstanc3s of the Rosario 
plant's evolution created a situation in which the technically determined 'domain' of the 
possible improvements and adaptations of the plant's technology has been very much more 
^H^(^^lored_aj2d_utilized than the eauivalent 'domains' of similar old-vintage steel-
plants. The remarkable degree of up-grading achieved in the Rosario plant may thus be 
in good measure due to the unusual historical circumstances which have affected the plant. 
But i f the upgrading possibilities which were stumbled across in the Rosario plant out 
of historical necessity were, as seems to be the case, aahieved at very low investment 
costs,then this raises the question as to whether othor_ steelplants 'are taking full advantage 
of the upgrading possibilities which their history has not forced them to explore. 

-167 
I n t h i s C h a p t e r o u r a i m i s t w o f o l d . F i r s t l y t o r e v i e w v e r y b r i e f l y a 
n u m b e r o f a p p r o a c h e s t o t h e s u b j e c t o f ' l e a r n i n g ' t h a t a p p e a r i n t h e e c o -
n o m i c l i t e r a t u r e , a n d s e c o n d l y , t o p r e s e n t a n d d i s c u s s e v i d e n c e c o n c e r n i n g 
t h e t y p e s o f l e a r n i n g t h a t h a v e t a k e n p l a c e i n t h e R o s a r i o p l a n t . 
T h e f i r s t a p p r o a c h we c a n m e n t i o n h a s r e c e i v e d a g o o d d e a l o f a t t e n t i o n 
i n t h e e c o n o m i c l i t e r a t u r e a n d may b e c a l l e d t h e l e a r n i n g - b y - d o i n g v i e w o f 
t e c h n i c a l c h s n g a . T h e b a s i c e m p i r i c a l o b s e r v a t i o n u n d e r l y i n g t h i s l i t e r a t u r e 
i s t h a t t h e u n i t c o s t s o f many p r o d u c t s h a v e b e e n o b s e r v e d t o d e c l i n e a s 
p r o d u c t i o n e x p e r i e n c e g r o w s . O r i g i n a l l y t h e e m p i r i c a l o b s e r v a t i o n s r e f e r r e d 
o n l y t o u n i t l a b o u r c o s t s . F o r e x a m p l e i n t h e c a s e o f d a t a o n V / o r l d l i a r I I 
a i r f r a m e s i t was f o u n d t h a t ' ' d o u b l i n g c u m u l a t i v e a i r f r a m e o u t p u t w a s a c -
c o m p a n i e d b y a n a v e r a g e r e d u c t i o n i n d i r e c t l a b o u r r e q u i r e m e n t s o f a b o u t 
2j% ( 1 ) . H o w e v e r , m o r e r e c e n t e m p i r i c a l s t u d i e s h a v e s u g g e s t e d t h a t t h e 
b a s i c r e l a t i o n s h i p b e t w e e n a c c u m u l a t e d p r o d u c t i o n a n d c o s t d e c l i n e s : ' a p p e a r s 
t o a p p l y " t o t h e f u l l r a n g e o f c o s t s i n c l u d i n g d e v e l o p m e n t , c a p i t a l d i s t r i -
b u t i o n a n d o v e r h e a d a s w e l l a s l a b o u r c o s t s ' 1 ( 2 ) . T h e b a s i c r e l a t i o n s h i p 
i s s i m p l y t h a t ' ' c o s t s a p p e a r t o go down o n v a l u e a d d e d a t a b o u t 2 0 t o 30% 
e v e r y t i m e t o t a l p r o d u c t e x p e r i e n c e d o u b l e s f o r ( a n ) i n d u s t r y a s w e l l a s f o r 
i n d i v i d u a l p r o d u c e r s " ( 3 ) . 
( t ) Q u o t e d f r o m U . Z . H l r s c h , H r m _ P r o g r e s s _ R a t I o s , E c o n o m e t r i c a , A p r i l 1 2 5 6 , 
p a g e 1 3 C . 
( 2 ) T h e b o s t o r . C o n s u l t i n g Group. , P e r s g 2 c t | v e s _ o n _ E x ^ e r ] e n c e s p u b l i s h e d by 
t h e D c o t c n C o n s u l t i n g G r o u p , I n c . , T i>70 , s e e I n t r o d u c t I 6 n . 
( 3 ) S e e T h e W e s t o n C o n s u l t i n g G r o u p , o p . c i t . , p e g e 1 2 . 
-160-
T h e e x p l a n a t i o n g i v e n f o r t h e s e c o s t d e c l i n e s - w h i c h a r e u s u a l l y 
r e p r e s e n t e d a s ' l e a r n i n g c u r v e s ' , . ' p r o g r e s s f u n c t i o n s ' o r ' e x p e r i e n c e c u r v e s ' 
i s t h a t " e x p e r i e n c e " o f p r o d u c t i o n i s b o u n d t o l e a d t o g r e a t e r e f f i c i e n c y . 
H e n c e t h e m o r e a . f i r m o r p l a n t c a n a c c u m u l a t e e x p e r i e n c e o f p r o d u c t i o n , 
t h e g r e a t e r t h e e f f i c i e n c y i m p r o v e m e n t s t h a t i t c a n b e e x p e c t e d t o i n t r o d u c e 
F i r m s a n d p l a n t s , i n o t h e r w o r d s , l e a r n f r o m e x p e r i e n c e , o r i n t h e u s u a l 
t e r m i n o l o g y t h e y ' l e a r n - b y - d o i n g ' . 
T o f o r m u l a t e a n d r e p r e s e n t t h i s ' l e a r n i n g - b y - d o i n g ' p h e n o m e n o n 
e c o n o m i c a l l y t h e a p p r o a c h m o s t o f t e n t a k e n i n e c o n o m i c l i t e r a t u r e h a s b e e n 
t o m u l t i p l y t h e s t a t i c a l l y d e f i n e d p r o d u c t i o n f u n c t i o n o f t h e f i r m b y a n 
" e x p e r i e n c e t e r m ' 1 w h e r e t h i s e x p e r i e n c e t e r m i s r e p r e s e n t e d by some f u n c t i o n 
o f t h e q u a n t i t y o f t h e f i r m ' s p a s t o u t p u t o f t h e g o o d i n q u e s t i o n ( 1 ) . I n 
t h e s e m o d e l s t h e f i r m p r o d u c e s ' e x p e r i e n c e " a u t o m a t i c a l l y a s a b y e - p r o d u c t 
o f i t s p r o d u c t i o n o f g o o d s , a n d w h a t d e t e r m i n e s t h e d e g r e e o f c o s t - r e d u c t i o n 
o b t a i n e d i s o n l y t h e f i r m ' s c u m u l a t e d p a s t o u t p u t o f t h e g o o d i n q u e s t i o n 
a n d t h e p a r t i c u l a r f u n c t i o n a l f o r m s e l e c t e d f o r t h e e x p e r i e n c e t e r m . 
As a n a l t e r n a t i v e t o t h i s f o r m u l a t i o n , some a u t h o r s h a v e u s e d e l a p s e d 
t i m e s i n c e b e g i n n i n g p r o d u c t i o n a s t h e v a r i a b l e w h i c h e n t e r s i n t o t h e 
" e x p e r i e n c e - t e r m " ( 2 ) a n d v a r i o u s a l t e r n a t i v e f u n c t i o n a l f o r m s o f t h e 
e x p e r i e n c e t e r m h a v e b e e n s u g g e s t e d . 
H o w e v e r a n i m p o r t a n t d i f f i c u l t y w i t h mode ls ; i n t h e l e a r n i n g - b y d o i n g 
t r a d i t i o n i s . t h a t w h i l s t u n d o u b t e d l y some f r a c t i o n o f t h e k n o w l e d g e r e l e v a n t 
( 1 ) L e a r n . i n g - b y - d o i n g i s a s s u m e d i n t h e s e m o d e l s t o o p e r a t e o n t h e p r o d u c t i o n 
f u n c t i o n i n a t l i c k s n e u t r a l f u n c t i o n . 
( 2 ) S e e f o r i n s t a n c e t h e s u g g e s t i o n s p u t f o r w a r d by R o b e r t D. Z e v i n a n d 
W i l l i a m F e l l n e r f o r u s i n g c u m u l a t e d t i m e a s t h e i n d e x o f e x p e r i e n c e 
- a s q u o t e d i n P . A . D a v i d ' L e a r n i n g by d o i n g a n d t a r i f f p r o t e c t i o n 1 , 
C h . 2 , o f P . A . D a v i - j T e c h n i c a l C h a n g e , I n n o v a t i o n a n d E c o n n n i c G r o w t h , 
C a n u r f d g a U n i v e r s i t y P r e s s , l y / O , p p . U f a , 1 1 7 . ~ ~ — " 
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t o i m p r o v i n g p r o d u c t i v e e f f i c i e n c y d o e s g e t g e n e r a t e d a s a b y e - g r o d u c t o f 
p r o d u c t i o n a c t i v i t i e s , i t i s a l s o c l e a r t h a t much o f t h e r e l e v a n t k n o w l e d g e 
f o r i m p r o v i n g p r o d u c t i v e e f f i c i e n c y g e t s g e n e r a t e d a s a r e s u l t o f s p e c i f i c 
i? r 11 
k n o w l e d g e - g a m i n g j r o g r a m s t o w h i c h r e s o u r c e s a r e a s s i g n e d by m a n a g e m e n t . 
v;? • i ;i • • 
T h e s e l a t t e r t y p e o f p r o g r a m s , w h i c h may b e t e r m e d " e d u c a t i o n a n d r e s e a r c h " 
/ \ 
p r o g r a m s , c a n n o t be s u c c e s s f u l l y h a n d l e d w i t h i n t h e l e a r n i n g - b y - d o i n g 
f r a m e w o r k . T h e y r e p r e s e n t ' l e a r n i n g - b y - s p e n d i n g ' r a t h e r t h a n ' l e a r n i n g -
b y - d o i n g ' a c t i v i t i e s a n d t h e y r e q u i r e a f r a m e w o r k i n w h i c h o n e c a n 
r e p r e s e n t t h e o u t p u t o f s p e c i f i c k i n d s o f l e a r n i n g a s b e i n g r e l a t e d t o 
t h e s e s p e c i f i c a c t i o n s a n d e x p e n d i t u r e s t a k e n t o p r o d u c e i t . 
One i n t e r e s t i n g m o d e l o f t h e ' l e a r n i n g - b y - s p e n d i n g ' v a r i e t y h a s b e e n 
d e v e l o p e d by K a t z , i n w h i c h f i r m s d e v o t e a p r o p o r t i o n o f t h e i r r e v e n u e 
s p e c i f i c a l l y t o i n v e n t i v e a c t i v i t y d e s i g n e d t o p r o d u c e a s t r e a m o f m | n o r 
a d a p t a t i o n s , i m p r o v e m e n t s a n d i n n o v a t i o n s i n p l a n t p r o c e s s e s a n d i n t h e 
p r o d u c t s p r o d u c e d ( 1 ) . A k e y p o i n t o n w h i c h t h i s m o d e l d e p e n d s i s t h a t t h e 
i m p r o v e m e n t s a r e a l l a s s u m e d t o t a k e p l a c e w i t h i n t h e f r a m e w o r k o f a n 
e s s e n t i a l l y ' g i v e n ' t e c h n o l o g y - i . e . t h e i m p r o v e m e n t s a r e ' m i n o r ' , w h i c h 
h a s t h e i m p o r t a n t c o n s e q u e n c e t h a t t h e ' o u t p u t ' o f s p e n d i n g o n t h e i n v e n t i v e 
a c t i v i t i e s c a n be a s s u m e d t o f o l l o w o n c l o s e l y i n t i m e a n d a l s o w i t h m i n i m a l 
u n c e r t a i n t y o n c e t h e e x p e n d i t u r e h a s b e e n m a d e - b e h a v i o u r w h i c h d o e s n o t 
a p p l y i n t h e c a s e o f e x p e n d i t u r e s o n ' m a j o r ' i n n o v a t i o n s w h e n t h e r i s k s o f 
f a i l u r e a r e c o n s i d e r a b l e a n d t h e g e s t a t i o n t i m e l i k e l y t o be l o n g . T h e 
i n v e n t i v e a c t i v i t y i n K a t z ' m o d e l may b e e n g a g e d I n a t a n y t i m e f r o m t h e 
b e g i n n i n g o f ' n o r m a l p l a n t o p e r a t i o n s ' o n w a r d s , a n d e n t r e p r e n e u r s t r e a t 
( 1 ) J o r g e K a t z , l ^ g o r t a c i ó n _ d e _ t e c n o ] o g í a i _ a g r e n d ¿ z 
d e p e n d i e n t e , Fondo d e C u l t u r a - E c o n ó m i c a , M é x i c o , 1 3 7 5 7 
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t h e i r ' l e a r n i n g e x p e n d i t u r e s ' a s v a r i a b l e c o s t s . K a t z i s t h e n a b l e t o d e m o s -
t r a t e u n d e r c e r t a i n s i m p l i f y i n g a s s u m p t i o n s w h a t a n ' o p t i m a l ' r a t e o f 
l e a r n i n g e x p e n d i t u r e f o r a f i r m w o u l d b e , a n d h e i s a b l e t o e x t e n d h i s m o d e l 
t o c o n s i d e r o p t i m a l l e a r n i n g s t r a t e g y g i v e n t h e p o s s i b i l i t y t h a t l e a r n i n g 
e x p e n d i t u r e s may p r o d u c e e x t e r n a l b e n e f i t s f o r c o m p e t i t i v e f i r m s a s w e l l a s 
i n t e r n a l b e n e f i t s t o t h e f i r m w h i c h g e n e r a t e s t h e l e a r n i n g . He a l s o d e m o s -
t r a t e s e m p i r i c a l l y - f o r s a m p l e o f f i r m s i n t h r e e A r g e n t i n e i n d u s t r i e s i n t h e 
p e r i o d 1 3 6 0 - 6 8 , a h i g h c o r r e l a t i o n b e t w e e n t h e i n c r e a s e s i n g l o b a l p r o d u c t i v i t y 
a c h i e v e d b y t h e s e f i r m s a n d t h e a c c u m u l a t e d f i r m e x p e n d i t u r e o n ' a d a p t i v e 
R a n d 0 ' u n d e r t a k e n i n t h e p e r i o d p e r p e r s o n e m p l o y e d . T h e e x p e n d i t u r e o n 
a d a p t i v e ft a n d D was c a l c u l a t e d a s t h e sum o f a l l t h e e x p e n d i t u r e s u n d e r -
v .. « 
t a k e n by t h e ft a n d D d e p a r t m e n t s o f t h e f i r m c o n c e r n e d ( i f i t h a d o n e ) , 
p l u s t h e e x p e n d i t u r e o n r e l a t e d t e c h n i c a l d e p a r t m e n t s s u c h a s t h e Eng n e e r i n g 
D e p a r t m e n t Q u a l i t y C o n t r o l D e p t , T e c h n i c a l a s s i s t a n c e t o p r o d u c t i o n D e p a r t -
m e n t , e t c . 
I t i s c l e a r t h a t K a t z ' s m o d e l o f ' a d a p t i v e R a n d 0 ' a i m e d a t p r o -
d u c i n g m i n o r t e c h n i c a l c h a n g e s i n p l a n t s a f t e r t h e s t a r t o f t h e i r n o r m a l 
o p e r a t i o n s d o e s a d d r e s s i t s e l f t o a h i g h l y i m p o r t a n t a s p e c t of i n d u s t r i a l i ' 
r e a l i t y , h o w e v a r i t i s a l s o p e r t i n e n t t o n o t e t h a t t h e m o d e l e x c l u d e s , by 
v i r t u e o f i t s a s s u m p t i o n s , t h e c o n s i d e r a t i o n o f ( a ) t h e l e a r n i n g t h a t 
f i r m s may a n g a g e i n b e f o r e t h e s t a r t o f n o r m a l p l a n t o p e r a t i o n s ( i . e . t h e 
l e a r n i n g d o n e i n t h e p r e - i n v e s t m e n t p h a s e , t h e c o n s t r u c t i o n p h a s e , a n d t h e 
s t a r t - u p p h a s e o f new p l a n t i n v e s t m e n t s ; a n d ( b ) t h e l e a r n i n g a s s o c i a t e d 
w i t h m a j o r m o d i f i c a t i o n s t o p l a n t t e c h n o l o g y . 
I n g e n e r a l we c a n r e m a r k t h a t t h e w e l l known p h e n o m e n o n o f p r o d u c t i v i t y 
i n c r e a s e s w h i c h a r i s e f r o m i n v e s t m e n t i n new p l a n t a n d i m p r o v e d c a p i t a l g o o d s 
i s n o t • u s u a l l y r e g a r d e d i n e c o n o m i c l i t e r a t u r e a s a f i e l d i n v o l v i n g a n y 
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" l e a r n i n g " c o n t r i b u t i o n by t h e f i r m ( 1 ) b u t i s u s u a l l y a n a l y s e d a s a s t a t i c 
" c h o i c e o f t e c h i q u e s ' p r o b l e m w h e r e b y t h e e n t r e p r e n e u r c h o o s e s t h e l e a s t -
c o s t t e c h n i q u e a v a i l a b l e o n t h e ( k n o w n ) i s o q u a n t o f b e s t - p r a c t i c e t e c h n o l o g i e s 
f o r t h e d e s i r e d o u t p u t , t a k i n g i n t o a c c o u n t h i s f a c t o r p r i c e s . T h e o b j e c t i o n 
t o t h i s t r a d i t i o n a l v i e w i s t h a t i t s w e e p s u n d e r t h e c a r p e t t h e r e a l - w o r l d 
p r o b l e m s o f ( • ) l e a r n i n g a b o u t t h e e x i s t e n c e o f t h e d i f f e r e n t b e s t - p r a c t i c e 
t e c h n i q u e s , ( i i ) . l e a r n i n g a b o u t w h a t t h e i r c a p i t a l a n d o p e r a t i n g c o s t s c a n 
b e e x p e c t e d t o b e w h e n ' s e t up i n t h e s p e c i f i c l o c a t i o n p l a n n e d by t h e f i r m 
a n d w i t h i n t h e s p e c i f i c t e c h n o l o g i c a l a n d e c o n o m i c c o n t e x t o f t h e f i r m ' s 
e x i s t i n g o p e r a t i o n s , ( i i i ) t h e l e a r n i n g i n v o l v e d i n p l a n t c o n s t r u c t i o n , 
( i v ) t h e w h o l e l e a r n i n g p r o c e s s i n v o l v e d i n t r a i n i n g s t a f f t o o p e r a t e t h e 
new f a c i l i t i e s , ( v ) t h e l e a r n i n g p r o c e s s i n v o l v e d i n s t a r t i n g up t h e 
new f a c i l i t i e s , a n d t h e n ( v l ) t h e l e a r n i n g I n v o l v e d r a i s i n g o u t p u t up t o 
t h e i n t e n d e d d e s i g n l e v e l . 
l i v e n i f i t c a n ba a r g u e d , q u i t e c o r r e c t l y , t h a t many f i r m s h i r e 
s p e c i a l i s t ' c o n s u l t a n t s t o s u p e r v i s e m o s t o f t h e s e s t e p s , i t i s p l a i n t h a t 
t h e f i r m c o n c e r n e d m u s t n e v e r t h e l e s s s t i l l be e n g a g e d i n a n e x t e n s i v e 
l e a r n i n g p r o c e s s , a t t h e v e r y l e a s t o n e w h i c h i n v o l v e s . l e a r n i n g how t o 
s u c c e s s f u l l y o p e r a t e a n d m a i n t a i n i t s new i n v e s t m e n t . 
T h u s , l e a r n i n g p r o c e s s e s o f g r e a t e c o n o m i c i m p o r t a n c e g o o n i n s i d e 
f i r m s b o t h i n c o n n e c t i o n w i t h t h e m a k i n g o f s u b s t a n t i a l new I n v e s t m e n t s , 
a n d w i t h t h e g e n e r a t i o n o f a l l manner of a d a p t a t i o n s and i m p r o v e m e n t s i n 
( l ) A l t h o u g h K e n n e t A r r o w i n h i s s e m i n a l l e a r n i n g - b y - d o i n g p a p e r , p r o p o s e d 
t h a t c u m u l a t i v e g r o s s i n v e s t m e n t s h o u l d be made t h e m e a s u r e o f e x p e r i e n c e , 
he a s s u m e d t h a t t e c h n i c a l p r o g r e s s was d u e o n l y t o i m p r o v e m e n t s made b y 
c a p i t a l g o o d s s u p p l i e r s , i . e . , t h a t i t was d u e t o e x p e r i e n c e g a i n e d i n 
m a c h i n e b u i l d i n g . T h e i d e a t h a t a l e a r n i n g p r o c e s s tl_>§_ f rm w a s n e e d e d 
t o a c c o m p a n y a c t s o f I n v e s t m e n t i n i m p r o v e d c a p i t a l g o o d s was n o t t a k e n 
i n t o a c c o u n t : s e e K. J . A r r o w , I h e „ E c o n g m ] c _ | m g | | c a t ] g n s _ o f _ L e a r n 
d o i n g , R e v i e w o f E c o n o m i c S t u d i e s , x x l x ( J u n e 1 9 6 2 ) p p . 1 5 5 - 1 7 3 . 
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t h e e f f i c i e n c y o f t h e i r e x i s t i n g i n v e s t m e n t s . A l l o f t h i s l e a r n i n g , 
e v i d e n t l y , i n v o l v e s t h e u s e o f t h e t i m e o f t h e f i r m ' s p e r s o n n e l a n d o f t h e 
f i r m ' s r e s o u r c e s a n d has a n o p p o r t u n i t y c o s t . T h e q u e s t i o n i s r a i s e d , 
t h e r e f o r e , a s t o w h a t _ k i n d s = o f _ i § § r n | n g _ ] s _ ] t _ m o s t _ w o r t h w h i ^ 
£ 2 _ § D 9 3 0 § = i D ^ e x i s t i n g l e a r n i n g - b y - d o i n g t h e o r i e s c a n n o t , i n p r i n c i p l e , 
a n s w e r t h i s q u e s t i o n , e x c e p t by s a y i n g ! i t o l e a r n , y o u m o s t p r o d u c e m o r e " 
a n d t h e ' l e a r n i n g - b y - s p e n d i n g ' m o d e l o f K a t z w h i c h i s c o n c e r n e d w i t h 
s p e n d i n g on a d a p t i v e R a n d D d o e s n o t a t t e m p t a n y c o m p a r i s o n b e t w e e n 
t h i s p a r t i c u l a r k i n d o f s p e n d i n g , a n d s p e n d i n g o n t h e l e a r n i n g i n v o l v e d 
i n m a k i n g m a j o r new i n v e s t m e n t s a n d / o r m a j o r a l t e r a t i o n s t o e x i s t i n g 
f a c i l i t i e s . Y e t , i t i s c l e a r t h a t i f e m p i r i c a l a n d t h e o r e t i c a l e c o n o m i c 
a n a l y s i s c o u l d t h r o w H a h t t o n t h e c o m p a r a t i v e c o s t s a n d b e n e f i t s o f t h e s e 
d i f f e r e n t k i n d s o f l e a r n i n g ( a n d a l s o t h r o w l i g h t o n t h e c o m p l e m e n t a r i t i e s 
w h i c h ' e x i s t b e t w e e n t h e m ) t h e n i t w o u l d be r e n d e r i n g a m o s t v a l u a b l e 
s e r v i c e t o i n d u s t r i a l p r o j e c t a n a l y s i s a n d i n d u s t r i a l p l a n n i n g . 
Two f u r t h e r , q u i t s d i f f e r e n t , a p p r o a c h e s t o t h e l e a r n i n g p r o b l e m 
w i l l now b e m e n t i o n e d , i n c l o s i n g t h i s b r i e f l i t s r a t u r c r e v i e w . 
T h e f i r s t a p p r o a c h s t e m s f r o m t h e c o n c e p t i o n , d u e t o H i r s c h m a n , -
t h a t a l l p r o j e c t s a r e s u b j e c t t o . 'a s e t o f p o s s i b l e a n d u n s u s p e c t e d t h r e a t s 
t o ( t h e i r ) p r o f i t a b i l i t y a n d e x i s t e n c e ' 1 ( l ) . G i v e n t h a t o n e o r m o r e o f 
t h e s e t h r e a t s - w h i c h may c o n s i s t o f m a t t e r s s u c h a s s u p p l y - s i d e d i f f i c u l t i e s , 
s e v e r e p r o b l e m s o f i n a d e q u a t e o r e x c e s s d e m a n d , f i n a n c i a l u n c e r t a i n t y , 
f a u l t y a d m i n i s t r a t i v e a r r a n g e m e n t s o r p o l i t i c a l i n t e r f e r e n c e - a r e h i g h l y 
l i k e l y t o m a t e r i a l i z e d u r i n g t h e l i f e t i m e o f t h e p r o j e c t , t h e n w h a t 
( 1 ) A l b e r t 0 . H i r s c h m a n , D e v e l o p m e n t P r o j e c t s O b s e r v e d , D r o o k i n g s I n s t i t u t i o n , 
1^7. " 
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d i s t i n g u I s h e s o n e p r o j e c t f r o m a n o t h e r i s p r i n c i p a l l y i t s a b i l i t y t o o v e r -
come t h e s e v e r e p r o b l e m s w h i c h i t w i l l s o o n e r o r l a t e r f a c e . 
H o w e v e r j u s t a s H i r s c h m a n h o l d s t h a t a l l p r o j e c t s h a v e a h i g h p r o p e n s i t y 
t o ' ' r u n i n t o t r o u b l e " , h e a l s o h o l d s t / i a t p r o j e c t s a r e s o m e t i m e s u n e x p e c t e d l y 
r e s o u r c e f u l i n g e t t i n g o u t o f t r o u b l e . I n o t h a r w o r d s w h i l s t p r o m o t e r s 
t e n d t o u n d e r e s t i m a t e t h e m a g n i t u d e o f t h e p o t e n t i a l t h r e a t s t o t h e s u c c e s s 
o f t h e i r p r o j e c t s , t h e y a l s o t e n d t o u n d e r e s t i m a t e t h e p o s s i u i 1 1 1 i e s o f 
t a k i n j r e m e d i a l a c t i o n s s h o u l d a t h r e a t become r e a l . 
T h e r e l e v a n c e o f t h i s c o n c e p t i o n - o f l i i r s c h m a n ' s t o t h e q u e s t i o n o f 
' l e a r n i n g ' I s t h a t a n i n d u s t r i a l p l a n t may be e x p e c t e d t o h a v e p a s s e d t h r o u g h 
a n u m b e r o f " c r i s i s - p e . r i o d s " ' i n i t s e x i s t e n c e d u r i n g w h i c h a g r e a t l y 
a c c e l e r a t e d l e a r n i n g p r o c e s s w i l l h a v e t a k e n p l a c e d e s i g n e d t o s e a r c h o u t , 
s e l e c t a n d t h e n i m p l e m e n t a r e m a d i a l p a t h o f a c t i o n l e a d i n g a w a y f r o m t h e 
s i t u a t i o n o f c r i s i s i n t o w h i c h t h e p l a n t g o t i t s e l f . T h e H i r s c h m a n 
c o n c e p t i o n t h e r e f o r e l e a d s o n e t o e x p e c t t h a t a n i m p o r t a n t c o m p o n e n t o f t h e 
' l e a r n i n g 1 1 g o i n g o n i n p l a n t s w i l l c o n s i s t o f ; c r i s i s - i n d u c e d ' 1 l e a r n i n g . 
I t s u g g e s t s t h a t i n i n t e r p r e t i n g t l i e o v e r a l l e v o l u t i o n o f i n d u s t r i a l p l a n t s , 
o n e w i l l n e e d t o p a y s p e c i f i c a t t e n t i o n t o t h e " c r i s i s - I n d u c e d ' l e a r n i n g 
a s w e l l a s t o t h e l e s s f r e n e t i c t y p e s o f l e a r n i n g a s s o c i a t e d w i t h t h e m o r e 
n o r m a l p e r i o d s i n t h e p l a n t ' s l i f e . 
T h e s e c o n d a p p r o a c h w h i c h - w e w i l l b r i e f l y m e n t i o n h e r e I s t h a t o f 
E d i t h P e n r o s e . I n h e r c l a s s i c b o o k , T h e _ T h e o r y _ o f _ t h e _ G r o w t h _ o f _ t h e _ n r m ( l ) 
P e n r o s e d e m o s t r a t e s t h a t ' b o t h a n a u t o m a t i c i n c r e a s e I n k n o w l e d g e a n d a n 
i n c e n t i v e t o s e a r c h f o r new k n o w l e d g e a r e , a s I t w e r e ' b u i l t i n t o ' t h e v e r y 
n a t u r e o f f i r m s p o s s e s s i n g e n t r e p r e n e u r i a l r e s o u r c e s o f e v e n a v e r a g e 
( 1 ) E . T . P e n r o s e , T h e T h e o r y _ o f _ t h e _ G r o w t h _ o f _ t h a _ n r m , J l a c k w e l l , O x f o r d , 
1 Ju". 
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i n i t i a t i v e " . 
T h e l e a r n i n g p r o c e s s w h i c h P e n r o s e r e f e r s t o i s n o t s i m p l y o n e -
o f l e a r n i n g t o r e d u c e c o s t s on a l r e a d y i n s t a l l e d p r o c e s s e s , b u t a much m o r e 
w i d e - r a n g i n g p r o c e s s o f l e a r n i n g p r o g r e s s i v e l y m o r e a n d m o r e a b o u t t h e 
' 5 1 1 l i 1 D t l S i l S D i _ _ i f 1TG?'' - ' n P e n r o s e ' s 
m o d e l t h i s l e a r n i n g p r o c e s s g o i n g o n i n s i d e t h e f i r m a c t s a s a p o w e r f u l 
f ' r m t o e x p a n d i n d i r e c t i o n s w h i c h p e r m i t i t s 
e x i s t i n g , c o l l e c t i o n o f p h y s i c a l m a n a g e r i a l a n d e n t r e p r e n e u r i a l r e s o u r c e s t o 
be m o r e p r o f i t a b l y u s e d . As a r e s u l t , " l e a r n i n g " , i n P e n r o s e ' s v i e w i s t h e 
c r u c i a l f a c t o r i n d e t e r m i n i n g t h e c h a r a c t e r o f t h e e x p a n s i o n s t h a t a f i r m 
u n d e r t a k e s , a n d t h e way t h a t a f i r m ' s p r o d u c t - m i x a l t e r s , a s w e l l a s 
b e i n g i m p o r t a n t i n l e a d i n g t o e f f i c i e n c y i m p r o v e m e n t s i n e x i s t i n g p r o c e s s e s . 
E v i d e n t l y t h i s i s a much b r o a d e r c o n c e p t i o n o f " l e a r n i n g " t h a n t h e o n e e x p l o r e d 
i n t h e " m a i n s t r e a m " l e a r n i n g l i t e r a t u r e t o w h i c h we r e f e r r e d e a r l i e r o n . 
i £_CD1D2_!•_^he_Rosar¿o . 
T h i s c o m p l e t e s o u r b r i e f l i t e r a t u r e r e v i e w . Now o u r a i m i s t o p r e s e n t 
a n d d i s c u s s e v i d e n c e w h i c h t h r o w s l i g h t on t h e way " l e a r n i n g " h a s d e v e l o p e d 
w i t h i n t h e R o s a r i o p l a n t . 
W h a t we do i s t o f i r s t a n a l y s e a s e l e c t e d n u m b e r o f t h e m o s t i m p o r t a n t 
t e c h n i c a l c h a n g e s w h i c h h a v e b e e n c a r r i e d o u t i n t h e p l a n t s o a s t o s e e 
w h a t k i n d o f " l e a r n i n g " was i n v o l v e d i n t h e s e c h a n g e s . T h i s e v i d e n c e , t o g e t h e r 
w i t h e v i d e n c e p r e s e n t e d e a r l i e r i n t h e r e p o r t , t h e n e n a b l e s us t o b u i l d up a 
p i c t u r e o f t h e d e v e l o p m e n t o f l e a r n i n g i n t h e R o s a r i o p l a n t w h i c h we t h e n 
c o n t r a s t w i t h t h e l i t e r a t u r e a p p r o a c h e s t o l e a r n i n g r e v i e w e d b r i e f l y a b o v e . 
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I t c a n t r u l y b e s a i d t h a t " l e a r n i n g " g o t o f f t o a r a p i d s t a r t i n t h e 
R o s a r i o p l a n t f r o m t h e v e r y b e g i n n i n g , i n 1 9 ^ 3 . T h i s was d u e t o t h e v i r t u a l 
i m p o s s i b i l i t y o f o b t a i n i n g c a p i t a l g o o d s f r o m t h e USA o r E u r o p e d u r i n g w a r -
t i m e - w h i c h m e a n t t h a t A c i n d a r h a d no c h o i c e b u t t o e n g a g e I n a " d o - i t - y o u r s e l f " 
o p e r a t i o n t o t r a n s l a t e i t s f i n a n c i a l i n v e s t m e n t , i n t o a w o r k i n g s t e e l p l a n t . 
T h e s u c c e s s o f t h e o p e r a t i o n was no mean a c h i e v e m e n t f o r a n e n t e r p r i s e 
f r e s h t o t h e s t e e l m a k i n g f i e l d . T h e f o u n ' d e r o f A c i n d a r , A r t u r o A c e v e d o , 
p e r s u a d e d G e n e r a l S a v i o , t h e " f a t h e r o f t h e A r g e n t i n e s t e e l i n d u s t r y " t o 
p a r t w i t h a s e t o f t h e p l a n s o f some s m a l l S i e m e n s - M a r t i n f u r n a c e s I n s t a l l e d 
i n a p l a n t b e l o n g i n g t o t h e A r g e n t i n e Armed F o r c e s - a n d A c e v e d o t h e n g a v e 
t h e s e p l a n s t o a y o u n g e n g i n e e r , R i c a r d o P u j á i s , who h e had r e c r u i t e d f r o m 
a n o t h e r s m a l l A r g e n t i n e p l a n t , La C a n t á b r i c a . I t was P u j á i s ' j o b t o d e s i g n 
a ' s c a l e d - u p ' S i e m e n s - M a r t i n f u r n a c e f o r t h e R o s a r i o p l a n t , b a s e d o n t h e s e 
p l a n s , a n d t o s u p e r v i s e t h e c o n s t r u c t i o n o f t h e f u r n a c e . M a k i n g u s e o f h i s 
p r e v i o u s e x p e r i e n c e o f h a v i n g h e l p e d i n t h e c o n s t r u c t i o n a n d o p e r a t i o n o f 
t w o S i e m e n s - M a r t i n s f u r n a c e s i n La C a n t á b r i c a , P u j á i s was a b l e t o d e s i g n a 
f u r n a c e f o r t h e R o s a r i o p l a n t w h i c h was n o t o n l y s c a l e d - u p ( f r o m 15 t o n s t o 
2 5 t o n s n o m i n a l c a p a c i t y p e r h e a t ) , b u t w h i c h a l s o i n c o r p o r a t e d s i g n i f i c a n t 
d e s i g n i m p r o v e m e n t s c o m p a r e d t o t h e S i e m e n s M a r t i n s f u r n a c e s i n La C a n t á -
b r i c a a n d I n o t h e r A r g e n t i n e p l a n t s . T h e n w h e n i t came t o t h e c o n s t r u c t i o n 
o f t h e f u r n a c e , A c i n d a r h a d t o d i s p l a y g r e a t i n g e n u i t y i n o b t a i n i n g t h e 
n e e d e d s t r u c t u r a l m a t e r i a l s , a n d f i n a l l y e n d e d up h a v i n g t o d i s m a n t l e r a i l -
way w a g o n s a n d b o g i e s t o o b t a i n t h e n e e d e d m e t a l p a r t s . 
S t i l l f u r t h e r i n g e n i o u s i m p r o v i s a t i o n was r e q u i r e d i n f i t t i n g o u t t h e 
f u r n a c e w i t h s a t i s f a c t o r y r e f r a c t o r y b r i c k s - f o r t h e s u p p l y o f t h e s e f r o m 
t h e USA was b e c o m i n g l e s s a n d l e s s r e l i a b l e . I n t h e c a s e o f s i l i c a b r i c k s , 
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A c i n d a r w a s h e l p e d by t h e s t a r t up o f n a t i o n a l m a n u f a c t u r e o f t h e s e , b u t i n 
t h e c a s e o f M a g n e s i t e b r i c k s , A c i n d a r h a d t o e n g a g e i n t h e m a n u f a c t u r e o f 
i t s own by m e a n s o f a p r o c e s s i n v o l v i n g t h e c o m p r e s s i o n o f m i x t u r e s o f 
f r i e d i m p o r t e d m a g n e s i t e a n d g l u e . , 
• F i n a l l y , w h e n i t came t o t h e o p e r a t i o n o f t h e f u r n a c e t h e n i n s t a l l e d 
i n t h e R o s a r i o p l a n t , A c i n d a r a g a i n had t o i m p r o v i s e . S i n c e c o k e was n o t 
a v a i l a b l e , c h a r c o a l h a d t o b e u s e d i n t h e f u r n a c e f o p b r i n g i n g up t h e 
c a r b o n l e v e l i n t h e m e t a l l i c b a t h t o t h e r e q u i r e d l e v e l s - a n d i t w a s n e c e s -
s a r y t o d e v e l o p a u h o m e - g r o w n " m e t h o d f o r k e e p i n g t h e c h a r c o a l f r o m f l o a t i n g 
t o t h e t o p o f t h e m e t a l l i c b a t h a n d b u r n i n g o f f . T h e m e t h o d d e v e l o p e d was 
t h e c r u d e o n e o f p a c k i n g t h e c h a r c o a l i n t o g e t h e r w i t h l i m e s t o n e o n t h e 
h e a r t h o f t h e f u r n a c e a n d t h e n t a m p i n g i t down by l o a d i n g a l l t h e s o l i d 
s c r a p o n t o p . 
A s i m i l a r l y h i g h d e g r e e o f i m p r o v i s a t i o n was i n v o l v e d i n t h e i n s -
t a l l a t i o n a n d i n i t i a l o p e r a t i o n o f t h e R o s a r i o p l a n t 1 s b a r r o l l i n g m i l l 
- w h i c h i s now s o m e t h i n g o f a l e g e n d a m o n g s t t h e s e n i o r s t a f f a t t h e R o s a r i o 
p l a n t t o d a y - . H o w e v e r we s h a l l n o t go i n t o d e t a i l s h e r e . 
T h e r e a r e a n u m b e r o f o b s e r v a t i o n s w o r t h m a k i n g a b o u t t h e " l e a r n i n g " 
i n v o l v e d i n A c i n d a r ' s s u c c e s s f u l e f f o r t t o b r i n g t h e R o s a r i o s t e e l p l a n t ' 
i n t o e x i s t e n c e a n d t o g e t i t f u n c t i o n i n g s u c c e s s f u l l y u n d e r d i f f i c u l t 
w a r t i m e c o n d i t i o n s . 
T h e f i r s t o b s e r v a t i o n c o n c e r n s t h e r e m a r k a b l e s u c c e s s o f t h e e n t i r e 
o p e r a t i o n c o n s i d e r i n g t h e v i r t u a l e l i m i n a t i o n o f t h e u s u a l c h a n n e l s o f 
' t e c h n o l o g y - t r a n s f e r ' f r o m a b r o a d t h a t w o u l d h a v e b e e n a v a i l a b l e t o A c i n d a r 
i n n o r m a l t i m e s . T h i s s u g g e s t s t h a t t h e e c o n o m i c p o t e n t i a l o f ' l o c a l ' 
l e a r n i n g e f f o r t s may w e l l be a l a r g e l y n e g l e c t e d o r e l s e a t o t a l l y u n k n o w n 
a n d d o r m a n t p o t e n t i a l i n t i m e s o f c o m p a r a t i v e l y e a s y a c c e s s t o i m p o r t s . 
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T h e s e c o n d o b s e r v a t i o n i s t h a t Ac i n d a r was a b l e t o b e n e f i t f r o m t h e 
' e m b o d i e d ' l e a r n i n g c o n t a i n e d i n t h e f u r n a c e p l a n s w h i c h G e n e r a l S a v i o g a v e 
t o A r t u r o A c e v e d o , a n d , e v e n m o r e i m p o r t a n t , f r o m t h e l e a r n i n g a b o u t f u r n a c e 
d e s i g n , c o n s t r u c t i o n a n d o p e r a t i o n w h i c h R i c a r d o P u j á i s b r o u g h t w i t h h i m by 
v i r t u e o f h i s f o u r y e a r s o f p r i o r e x p e r i e n c e w i t h La C a n t á b r i c a . I n o t h e r 
w o r d s a s i g n i f i c a n t e l e m e n t i n A c i n d a r ' s s u c c e s s i n p u t t i n g up t h e R o s a r i o 
p l a n t was t h a t t h e compa-ny o r g a n i s e d i t s e l f t o t a k e a d v a n t a g e o f e x t e r n a l 
l e a r n i n g b e n e f i t s g e n e r a t e d i n o t h e r A r g e n t i n e s t e e l p l a n t s . 
A t h i r d o b s e r v a t i o n c o n c e r n i n g t h i s e a r l y " l e a r n i n g " i n t h e R o s a r i o 
p l a n t i s t h a t i t s p e l l e d o u t w h a t was t o r e m a i n a s a. h a l l m a r k o f A c i n d a r ' s 
t e c h n o l o g i c a l a p p r o a c h e v e r s i n c e - n a m e l y a d e f i n i t e " t e c h n o l o g i c a l 
o p t i m i s m " b o t h a s r e g a r d s t h e d e v e l o p m e n t o f " h o m e - g r o w n " a d a p t a t i o n s a n d 
i m p r o v e m e n t s when r e q u i r e d a n d a l s o a s r e g a r d s a d v a n c i n g i n t o t e c h n o l o g i c a l 
f i e l d s c o m p l e t e l y new t o c o m p a n y ( 1 ) 
2 _ T h e _ e n 2 a r gemen t _ a n d _mod _[ f ¿ c a t Í 9 9 _ o f _ _ f i C S í E Í 1D_ f TD3 
t h e bu i I d i n g _ o f _ a _ s e c o n d o n e _ ( l 9 ^ 7 - ^ 9 ) 
T h e d e s i g n o f t h e s e c o n d f u r n a c e a n d t h e m o d i f i c a t i o n o f t h e f i r s t o n e 
b e n e f i t e d f r o m s e v e r a l m i n o r i m p r o v e m e n t s s u g g e s t e d by t h e p r a c t i c a l 
e x p e r i e n c e g a i n e d i n t h e c o n s t r u c t i o n a n d o p e r a t i o n o f t h e f i r s t f u r n a c e . 
(A c l e a r e x a m p l e o f l e a r n i n g - b y - d o i n g ) . 
_ I b ® _ Í [ ! S Í 2 Í l 2 Í Í 2 [ ) _ 2 f f o r p r o d u c i n g h o t - m e t a l f r o m s c r a g 
§ D ^ _ £ 2 ! S § i _ f 2 C _ § S n Y Í D 9 _ § § _ B § t í _ 2 f _ t h e _ c h a r g e _ t o _ t h e _ S ¿ e m e n s _ M a r t ¿ n 
f u r n a c e s . ( 1 9 ^ 8 - ^ 9 ) 
( 1 ) A c i n d a r h a s p i o n e e r e d , w i t h i n A r g e n t i n a , i n c o n t i n u o u s r o l l i n g m i l l s f o r 
b a r s a n d w i r e r o d , i n f o r g e d p r o d u c t s f o r t h e a u t o m o b i l e i n d u s t r y , i n 
i r o n - o r e e x p l o r a t i o n , i n s p e c i a l s t e e l s , i n p l a s t i c t u b e s , a n d i n c e r t a i n 
k i n d s o f e l e c t r o d e s . 
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T h i s i m p o r t a n t t e c h n i c a l c h a n g e was s p a r k e d o f f b y t h e f a c t t h a t 
s e n i o r A c i n d a r p e r s o n n e l h a d n o t i c e d t h e s u c c e s s f u l u s e b e i n g made o f s h a f t -
f u r n a c e s by a s m a l l ~ s c a l e s t e e l w o r k s i n I l l i n o i s , U . S . A . ( i . e . l e a r n i n g 
a b o u t t h e a v a i l a b i l i t y o f a p r e v i o u s l y u n k n o w n t e c h n i q u e ) . 
{ii___IbS_iDli§Ii§£i2D^§Dd_start;uB_of_the_8i Iiet_mim _ jl^iijO) 
T h i s m a j o r t e c h n i c a l c h a n g e i n v o l v e d i n v e s t m e n t i n new c a p i t a l e q u i p -
m e n t o f e n t i r e l y f o r e i g n d e s i g n w h i c h was m o s t l y i m p o r t e d . F u r t h e r m o r e , 
b o t h t h e i n s t a l l a t i o n a n d s t a r t - u p o f t h e m i l l was s u p e r v i s e d by a n o r t h -
a m e r i c a n e x p e r t s e c o n d e d f r o m t h e R e p u b l i c S t e e l C o m p a n y , v/ho w o r k e d f u l l -
t i m e w i t h A c i n d a r t h r o u g h o u t t h e p e r i o d 1 9 4 7 ~ 5 1 - I n p r a c t i c e t h i s e x p e r t 
w o r k e d c l o s e l y t o g e t h e r w i t h A c i n d a r ' s own e n g i n e e r s a n d a s i z e a b l e 
c o n t r i b u t i o n was made by many o f A c i n d a r ' s p e r s o n n e l t o t h e d e t a i l e d 
e n g i n e e r i n g d e s i g n r e q u i r e d by t h e b i l l e t m i l l , p a r t i c u l a r l y i n s o f a r 
a s c i v i l a n d m e c h a n i c a l e n g i n e e r i n g was c o n c e r n e d . T h e r e was a l s o e x t e n s i v e 
p a r t i c i p a t i o n a n d t r a i n i n g o f R o s a r i o p l a n t p e r s o n n e l t h r o u g h o u t t h e s t a r t -
up p e r i o d w h i c h a p p e a r s t o h a v e l a s t e d o v e r a y e a r . I t i s t h e r e f o r e c l e a r 
t h a t A c i n d a r was a c t i v e l y i n v o l v e d i n " l e a r n i n g " t h r o u g h o u t t h e i n v e s t m e n t 
a n d s t a r t - u p p h a s e s o f t h e R o s a r i o p l a n t ' s b i l l e t m i l l , a n d t h a t t h e c o m p a n y 
was a b l e t o ' i n t e r n a l i s e ' v i r t u a l l y a l l t h e r e l e v a n t s p e c i a l i s t k n o w l e d g e 
b r o u g h t o v e r by t h e f o r e i g n e x p e r t . 
l i Q i n g . ( 1 3 5 8 - 5 9 ) 
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As f a r a s we c a n t e l l t h i s c h a n g e was u n d e r t a k e n e n t i r e l y by p l a n t 
p e r s o n n e l . I t c o r r e s p o n d e d t o a w e l l - k n o w n a n d w i d e l y t e s t e d i m p r o v e m e n t 
a l r e a d y made i n c o u n t l e s s o t h e r S i e m e n s M a r t i n f u r n a c e s a l l o v e r t h e w o r l d . 
I t c a n n o t t h e r e f o r e be u s e f u l l y r e g a r d e d a s a r e s u l t o f ' l e a r n i n g - b y - d o i n g 1 . 
i ( D B r Q y § [ D § Q t _ ° f _ t h e _ g i a n t ^ s _ l a b o r s t o r i e s _ a n d _ t n e _ s e t t i n g _ u B _ g f 
§ 9 ? e B t a n c e _ t g _ f ! n £ s hed_ g r o d u c t ¿ _ i i 2 § 0 - 6 ] _ ) 
T h e s e c h a n g e s w e r e made a s a r e s u l t o f t h e r e c o m m e n d a t i o n s m a d e . b y 
German c o n s u l t a n t who was i n v i t e d t o R o s a r i o by t h e p l a n t ' s D i r e c t o r , 
f o l l o w i n g o n e o f t h e p e r i o d i c v i s i t s made by t h i s D i r e c t o r t o E u r o p e . 
E x p e r i m e n t s w e r e c o n d u c t e d i n t h e p i a n t t o d e m o n s t r a t e t h e s u p e r i o r i t y o f 
b o t t o m - p o u r e d t o t o p - p o u r e d i n g o t c a s t i n g b e f o r e t h e c h a n g e o v e r w a s m a d e . 
A l l a b o v e c h a n g e s i n v o l v e d t h e l e a r n i n g o f new o p e r a t i n g p r a c t i c e s i n t h e 
p l a n t . H o w e v e r t h e i m p r o v e m e n t s t h e m s e l v e s c a n n o t be c o n s i d e r e d t o h a v e 
a r i s e n i n e v o l u t i o n a r y f o r m f r o m t h e p l a n t ' s p r e v i o u s k n o w l e d g e s t o c k a s 
a r e s u l t o f l e a r n i n g - b y d o i n g . I n s t e a d t h e y r e s u l t e d c l e a r l y f r o m t h e 
s p e c i f i c i n c o r p o r a t i o n i n t o t h e p l a n t o f b o t h new c a p i t a l e q u i p m e n t a n d new 
p r o c e d u r e s r e c o m m e n d e d by t h e f o r e i g n c o n s u l t a n t . 
7 . § y £ 9 ? s s j y e _ m g d i f T e a t j o n s _ m a d e _ t o _ s h a f t ^ f u r n a c e s 
T h e p e r f o r m a n c e o f t h e p l a n t ' s s h a f t f u r n a c e s h a s b e e n i m p r o v e d o n 
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s e v e r a l o c c a s i o n s . F o r e x a m p l e , i n 1 3 5 8 - 5 9 t h e f u r n a c e s w e r e f i t t e d cut : 
w i t h a much m o r e d u r a b l e r e f r a c t o r y l i n i n g w h i c h g r e a t l y i n c r e a s e d t h e i r 
a v a i l a b i l i t y . S h o r t l y a f t e r , t h e f u r n a c e s m e e t i n g r a t e a n d t h e i r c o k e p r o d u c t i v i t y 
was i n c r e a s e d by i n j e c t i n g h o t - a i r , a n d i n 1 9 7 2 - 7 3 a f u r t h e r a d v a n c e was made 
by i n j e c t i n g g a s i n t o t h e f u r n a c e s . All t h e s e a d v a n c e s r e q u i r e d c o n s i d e r a b l e 
e x p e r i m e n t a t i o n a n d i n p u t o f e n g i n e e r i n g by R o s a r i o p l a n t p e r s o n n e l . 
8 . Q x y g e n _ i n j e c t i g n _ ! n t Q _ t h e _ m e t a l I i c _ b a £ b _ g 
f u r n a c e s . 
L i k e t h e c h a n g e o v e r t o b a s i c r e f r a c t o r y l i n i n g t h i s c h a n g e h a d b e e n 
f r e q u e n t l y p r o v e d s u c c e s s f u l i n o t h e r O p e n - H e a r t h f u r n a c e s . T h e i m p u l s e 
f o r t h i s c h a n g e a p p a r e n t l y came f r o m A c i n d a r ' s c e n t r a l e n g i n e e r i n g g r o u p 
r a t h e r t h a n f r o m w i t h i n t h e p l a n t - a n d t h e i m p l e m e n t a t i o n o f t h e c h a n g e 
was a p p a r e n t l y a l s o d o n e w i t h t h e i r h e l p . T h i s i s t h e r e f o r e a c a s e o f 
l e a r n i n g a n d e x p e r i m e n t a t i o n w i t h a new t e c h n i q u e w h e n t h e R o s a r i o p l a n t 
was a b l e t o b e n e f i t f r o m t h e s k i l l s a n d e x p e r i e n c e o f A c i n d a r ' s c e n t r a l 
o r g a n i z a t i o n . 
T h i s p r o j e c t i s a n e x t r e m e l y i n t e r e s t i n g e x a m p l e o f i n t e r n a l l y g e n e -
r a t e d a n d e x e c u t e d t e c h n i c a l c h a n g e r e s u l t i n g b a s i c a l l y f r o m t h e e x p e r i e n c e 
o f t h e s t a f f m o s t c l o s e l y i n v o l v e d i n o p e r a t i n g t h e m i l l . T h e p r o j e c t 
c o n s i s t e d o f some 19 s e p a r a t e m o d i f i c a t i o n s t o t h e B i l l e t m i l l , a f f e c t i n g 
-181-
v i r t u a l l y a l l i t s c o m p o n e n t u n i t s . F o r i n s t a n c e t h e r e h e a t f u r n a c e was 
r e d e s i g n e d a n d e n l a r g e d , a n d t h e i n g o t c h a r g i n g a n d d i s c h a r g i n g z o n e s w e r e 
u p g r a d e d a n d m o d i f i e d . A d d i t i o n s a n d l a y o u t c h a n g e s w e r e made t o many o f 
t h e t r a n s p o r t i n g u n i t s b e t w e e n t h e mi 1 1 1 s s u c c e s s ¡ v e s t a g e s . . T h e m i l l ' s 
l i f t i n g t a b l e was c o m p l e t e l y r e d e s i g n e d a n d i t s h y d r a u l i c s y s t e m r e p l a c e d , 
some c h a n g e s w e r e made i n t h e f o u n d a t i o n s t o t h e m i l l i t s e l f , a n d many 
i m p r o v e m e n t s w e r e i n t r o d u c e d i n t h e c o o l i n g b e d , a n d t h e m i l l was f i t t e d o u t 
w i t h i m p r o v e d e l e c t r i c a l a n d c o n t r o l s y s t e m s . A l l t h e s e c h a n g e s w e r e 
d e s i g n e d by t h e s e n i o r s t a f f o f t h e p l a n t ' s R o l l i n g D i v i s i o n i n c o o p e r a t i o n 
w i t h t h è p l a n t ' s E n g i n e e r i n g D i v i s i o n w h i c h was r e s p o n s i b l e f o r e x e c u t i n g 
t h e c h a n g e s . . 
T h i s p r o j e c t - w h i c h h a d a m o n g s t i t s m a j o r o b j e c t i v e s t o i n c r e a s e 
t h e c a p a c i t y o f t h e b i l l e t m i l l - i s a v i r t u a l a r c h e t y p e o f a n i m p o r t a n t 
e n g i n e e r i n g a d v a n c e a c h i e v e d by means o f a l a r g e n u m b e r o f i n c r e m e n t a l 
i m p r o v e m e n t s . One n o r m a l l y t h i n k s o f i n c r e m e n t a l a d v a n c e s a s b e i n g c a r r i e d 
o u t p e a c e m e a l , f i r s t on o n e c o m p o n e n t o f a p r o d u c t i v e u n i t , t h e n o n a n o t h e r , 
a n d s o o n - b u t t h e r e i s no s p e c i a l r e a s o n why i n c r e m e n t a l c h a n g e s s h o u l d 
h a v e t o be c a r r i e d o u t ¡ n t h i s w a y . I n d e e d i n t e r m s o f r e d u c i n g t h e d o w n -
t i m e i n v o l v e d i n m a k i n g m o d i f i c a t i o n s i t m a k e s f a r m o r e s e n s e t o m a k e s e v e r a l 
c h a n g e s i n d i f f e r e n t c o m p o n e n t s o f t h e m i l l a l l a t t h e same t i m e , r a t h e r 
t h a n . h a v i n g t o s t o p t h e m i l l s e v e r a l t i m e s i n o r d e r t o m a k e o n e c h a n g e a t 
a t i m e . I n f a c t t h i s p a r t i c u l a r p r o j e c t t o r e f o r m t h e B i l l e t m i l l was a l s o 
t i m e d t o c o i n c i d e w i t h t h e s c h e d u l e d g e n e r a l r e p a i r o f t h e m i l l - so t h a t 
t h e d o w n - t i m e d u e t o t e c h n i c a l c h a n g e s h o u l d be r e d u c e d t o t h e a b s o l u t e 
min imum. . T h e k e y p o i n t a b o u t t h i s w h o l e p r o j e c t i s t h a t b o t h t h e p r i o r 
l e a r n i n g t h a t made i t p o s s i b l e a n d t h e e n g i n e e r i n g o f t h e p r o j e c t i t s e l f 
w e r e e n t i r e l y i n t e r n a l l y g e n e r a t e d I n t h e R o s a r i o p l a n t . 
10^ T h a . r e f o r m ^ o f ^ t h e ^ B a r ^ a n ^ ^ P r o f • • 
L i k e t h e p r e v i o u s e x a m p l e , o n l y m o r e s o , t h i s p r o j e c t i s a ' c a s e - b o o k ' 
e x a m p l e o f w h a t c a n be a c h i e v e d by i n t e r n a l l y g e n e r a t e d l e a r n i n g a n d e n g i n e e r i n g 
As e x p l a i n e d p r e v i o u s l y , t h e p r o j e c t was d e s i g n e d w i t h t h r e e p u r p o s e s ( s t a g e s ) 
i n m i n d , v i z . ( i ) t o i n c r e a s e t h e c a p a c i t y o f t h e B a r 3nd P r o f i l e m i l l w i t h 
i t s e x i s t i n g p r o d u c t m i x by a f a c t o r ' o f 7 0 S , . f r o m 7 9 , 0 0 0 t o 1 2 3 , 0 0 0 t o n s p e r 
a n n u m , ( i i ) t o p e r m i t t h e m i l l t o d i v e r s i f y i n t o t h a p r o d u c t i o n o f f o r g i n g b a r s 
f o r t h e a u t o m o b i l - 3 i n d u s t r y , a n d ( i i i ) t o t a k e i n t o a c c o u n t i n t h e d e s i g n a 
p o s s i b l e f u t u r e d i v e r s i f i c a t i o n i n t o t h e p r o d u c t i o n o f s m a l l d i a m e t e r s e m i -
a l l o y r o u n d b a r s . T h a d e s i g n was d e v e l o p e d u n d e r t h e l e a d e r s h i p o f t h a D i r e c t o r 
o f t h e P l a n t ' s R o l l i n g D i v i s i o n , w i t h a s s i s t a n c e f r o m h i s D e p u t y a n d f r o m t h a 
p l a n t ' s E n g i n e e r i n g D i v i s i o n , . ' A l l t h e new i n s t a l l a t i o n s , m o d i f i c a t i o n s a n d 
l a y o u t c h a n g e s i n v o l v e d i n s t a g e ( i ) o f th-5 r e d e s i g n e d ' mi 11 w e r e e f f e c ' c o d by 
t h e R o s a r i o p l a n t s t a f f i n r e c o r d t i m e , c a u s i n g o n l y 3 15 d a y h a l t i n p r o d u c t i o n 
I t t o o k a f u r t h e r 3 3 d a y s t o c o m p l e t e l y i r o n - o u t t h e t r a i n i n g , m a i n t a n a n c e a n d 
m a ' c h Î n e - a d j u s t m a n t p r o b l a m s a s s o c i a t e d w i t h tr»3 s t a r t - u p o f t h e new m i l l , a n d 
t h i s s t 3 g e o f t h a p r o j e c t ( i . e . t h e c a p a c i t y e x p a n s i o n ) i s c l a i m a d by A c i n d a r 
t o h a v 3 e n t i r e l y p a i d f o r i t s e l f i n i t s f i r s t "J m o n t h s o f o p e r a t i o n . 
S t a g e ( i i ) o f ' t h e p r o j e c t - ¡ . a . t h i m o d i f i c a t i o n s n e c e s s a r y t o p e r m i t 
t h e m i l l t o d i v e r s i f y i n t o t h e p r o d u c t i o n o f f o r g i n g b a r s - was c a r r i e d o u t 
i n 1 9 7 2 - 7 3 , a n d S t a g e ( i i i ) i s b a i n g h e l d i n r e s e r v e p e n d i n g t h e e v o l u t i o n 
o f m a r k e t d e m a n d . 
. V/a c a n now . a s k w h a t l i g h t t h i s m o s t i n t e r e s t i n g p r o j e c t t h r o w s o n t h e 
p h e n o m e n o n o f " l e a r n i n g ' 1 i n t h a i i o s a r i o p l a n t ? I n t h e f i r s t p l a c e i t i s c l e a r 
t h 3 t t h e e x p e r i e n c e o f t h i p r o j e c t ' s d e s i g n e r s i n ' h a v i n g o p e r a t e d t h a i3ar 
a n d P r o f i l e m i l l o v e r many y e a r s was a k a y f a c t o r i n m a k i n g t h a p r o j e c t p o s s i b l e 
T h e t h e n D i r e c t o r o f t h e P l a n t ' s R o l l i n g D i v i s i o n h a d b e e n w o r k i n g i n t h e 
D i v i s i o n s i n c e 1 3 k ) and h i s d e p u t y s i n c e 1 9 5 3 . D o t h h a d t h e r e f o r e a c c u m u l a t e d 
immense p r a c t i c a l e x p e r i e n c e o f t h e m i l l ' s e q u i p m e n t as w e l l a s e x p e r i e n c e ( in 
d e s i g n i n g a n d h e l p i n g t o i m p l e m e n t p r e v i o u s c h a n g e s t o t h e m i l l . H e n c e t h e r e 
was a h i g h l y i m p o r t a n t f u n d o f p r e v i o u s " l e a r n i n g - b y - d o i n s " o n w h i c h t o d r a w , 
w h i c h m u s t c e r t a i n l y h a v e i n c l u d e d on i n t i m a t e k n o w l e d g e o f a l l t h e m i l l ' s 
c u r r e n t o p e r a t i v e p r o b l e m s e n d d e s i g n l i m i t a t i o n s a s w e l l a c l e a r c o n c e p t i o n 
o f many e n g i n e e r i n g and p r a c t i c a l d e t a i l s r e l e v a n t t o p o s s i b l e m o d i f i c a t i o n s . 
On t h e o t h e r h a n d t h e p r o j e c t c a n n o t i t S 3 1 f be r e g a r d e d as a p u r e o u t c o m e o f 
l e a r n i n g - b y - d o i n g , s i n c e i t r e q u i r e d a n a u t o n o m o u s e f f o r t o f p r o j e c t d e s i g n 
and e n g i n e e r i n g i n w h i c h t i r e p r e v i o u s l y a c c u m u l a t e d " l o a r n i n g - b y - d o i n g " h a d 
t o be c o u p l e d t o t h e p r o j e c t ' s s p e c i f i c o b j e c t i v e s , a n d i n w h i c h r e s u l t i n g 
g a p s i n k n o w l e d g e a n d d e s i g n h a d - t o be f i l l a d - . i n by a d e l i b e r a t e k n o w l e d g e 
s e a r c h a n d c r e a t i o n e f f o r t . 
F u r t h e r m o r e t h e d e t e r m i n a t i o n o f a p r o j e c t ' s o b j e c t i v e s i s i t s e l f a n 
a c t i v i t y w h i c h g o a s b e y o n d t h e l i m i t e d t e r r a i n , o f l e a r n i n g - b y - d o i n g . I n 
t h e c a s e o f t h i s p r o j e c t , o n e n o t e s 3 n i m p r e s s i v e d e g r e e o f a n t i c i p a t o r y 
t e c h n o l o g i c a l s t r a t e g y was b u i l t - i n t o i t s o b j e c t i v e s . " ( T h e p r o j e c t f o r e s a w 
t h r e e s u c c e s s i v e s t a g e s o f d e v e l o p m e n t , t h e f i r s t o f e x p a n s i o n i n t h e o u t p u t 
o f t h e e x i s t i n g p r o d u c t - m i x , t h e s e c o n d o f p r o d u c t d i v e r s i f i c a t i o n , a n d t h e 
t h i r d , o f a s t i l l f u r t h e r , f u t u r e , p o s s I b l e p r o d u c t d i v e r s i f i c a t i o n ) . T h u s , 
we c a n s a y t h a t ( i ) t h e o b j e c t i v e s o f t h e p r o j a c t w e r e c l e a r l y e x o g e n o u s 1y 
s t i m u l a t e d , h o w e v e r ( i i ) t h e f u s i b i l i t y o f t h e p r o j e c t d e p e n d e d t o a n 
i m p o r t a n t e x t e n t o n t h e a c c u m u l a t i o n o f " l e a r n i n g - b y - d o i n g " t y p e k n o w l e d g e 
a b o u t t h e m i l l , and ( ¡ i i ) t h e c o u p l i n g o f ' t h e e x o g e n o u s l y - s t i m u l a t a d o b j e c t i v e ; 
w i t h t h e e n d o g e n o u s . a c c u m u l a t i o n o f k n o w l e d g e a b o u t t h e m i l l r e q u i r e d an 
a u t o n o m o u s e n g i n e e r i n g p r o j e c t ' t o b e d e v e l o p e d . 
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. An i n d i c a t o r o f t h e g r e a t s u c c e s s a n d o r i g i n a l i t y o f t h e r e f o r m s c a r r s e 
o u t o n t h e B a r a n d P r o f i l e m i l l i s t h a t a r e p o r t o n t h a p r o j e c t w a s a c c e p t e d 
f o r p r e s e n t a t i o n a t t h e ILAFA C o n f e r e n c e o n R o l l i n g T e c h n o l o g y , M a c h i n e r y . j r .« 
P r o d u c t s h e l d i n B u e n o s A i r e s i n May 1 3 7 6 ( l ) . 
O b s e r v a t i o n s and A n a l y s i s 
T h e a b o v e a c c o u n t o f . t a n i m p o r t a n t t e c h n i c a l c h a n g e s p r o v i d e s 3 g o o d 
d e a l o f d I r e c t e v i d e n c e , a b o u t l e a r n i n g i n t h e p l a n t . V'e now p r o p o s e t o u s e 
t h i s e v i d e n c e , t o g e t h e r w i t h soma i n f e r e n c e s a b o u t l e a r n i n g w h i c h c a n b e d r a r 
f r o m t h e e a r l i e r a n a l y s i s o f t e c h n i c a l c h a n g e s p r e s e n t e d i n t h e r e p o r t , i n 
o r d e r t o e x p l o r e and d i s c u s s sonw a s p e c t s o f t h a " l e a r n i n g " phenr .s -enen i n th-e 
P v o s a r i o p l a n t . 
To b e g i n w i t h we c a n n o t e t h a t many q;<al i t a t i v a l y d i r t i . - . c t v a r i e t i e s c f 
" l e a r n i n g " n a v e c o n t r i b u t e d t o , a n d i n f l u e n c e d , t h e p a t h o f t e c h n i c a l c h o n g o 
i n t h a R o s a r i o p l a n t . F o r i n s t a n c e c n e c a n i d e n t i f y f r e m o s r a n a l y s i s ov t h e 
t e n . i m p o r t a n t t e c h n i c a l c h a n g e s l i s t e d a b o v e a n d f r o m c u r p r e v i o u s d i s c u s s i o n 
a b o u t i n c r e m e n t a l t e c h n i c a l c h a n g e s i n t h e p l a n t a t l e a s t t h e f o l l o w i n g 
d i f f e r e n t k i n d s o f l e a r n i n g . . 
( i ) . L e a r n i n g f r o m t h e o u t s i d e v ; o r l d a b ~ . i t t h e a v a i 1 a b i i : t y o f new t y p e s o f 
c a p i t a l g o o d s a n d o p e r a t i v e t e c h n i q u e s 
( e . g . v i a v i s i t s a b r o a d , o r f r o m c o n s u l t a n t s a d v i c e ) 
( i i ) L e a r n i n g a b o u t how. t o c o n s t r u c t ' , t o a d a p t ; t o i r . s t a l ; t o start-up;- t o 
o p e r a t e ; a n d t o m a i n t a i n new c a p i t a l g o o d s 
( e . g . b y d o - i t - y o u r s e l f m e t h o d s , o r i n c o o p e r a t i o n w i t h o u t s i d e e x p e r t : » , 
o r w i t h h e l p f r o m A c i n d a r ' s C e n t r a l s t a f f ) 
( 1 ) O s c a r R. A m o r i n i , R 3 m o d e l ac i o n d e l t r e n qj l a m i n a e i o n d e ; > e r f j l e s poo u e rio 
y 1 i v i a n o s , p u b i i s h a d i n t a r n i n a c i ori : t e c r . o t o g f a o g u i p o p r o d u c t o s r i 7 " * -AI-'A 
S a n t i a g o d";: C h i l e , May 13/6. y 
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( i i i ) L e a r n i n g a b o u t how t o m a r g i n a l l y . i m p r o v e ' t h e p e r f o r m a n c e o f e x i s t i n g 
c a p i t a l g o o d s i n s t a l l e d i n t h e p l a n t 
( e . g . t h r o u g h o n - t h e - j o b l e a r n i n g , t h r o u g h m a i n t e n a n c e a c t i v i t i e s , 
t h r o u g h t h e e f f o r t s o f t h e i n d u s t r i a l e n g i n e e r i n g d i v i s i o n , t h r o u g h 
f e e d b a c k f r o m t h e q u a l i t y c o n t r o l d i v i s i o n ) 
( i v ) L e a r n i n g t h r o u g h e n g i n e e r i n g p r o j e c t s a n d s t u d i e s 
( e . g . g e n e r a t i n g a l t e r n a t i v e a m p l i f i c a t i o n a n d m o d i f i c a t i o n p o s s i b i l I t i e s 
g a i n i n g f a m i l i a r i t y w i t h a l t e r n a t i v e - l a y o u t s , and w i t h t h e f e a t u r e s 
i of a d d i t i o n a l c a p i t a l g o o d s t h a t may b e n e e d e d , e x p l o r i n g t h e e c o n o n i c s 
o f p r o p o s e d c h a n g e s , - J r a w i n g t o g e t h e r and s y n t h e s i z i n g p r e v i o u s i d e a s 
a n d s u g g e s t i o n s d e r i v e d f r o m J e a r n i n g - b y - d o i n g , e t c . ) 
T h e a b o v e c l a s s i f ¡ c a t i o n o f d i s t i n c t l e a r n i n g a c t i v i t i e s c o u l d c l e - a r l y 
bo e x t e n d e d a n d a l s o made m o r e d e t a i l e d . H o w e v e r i t i s s u f f i c i e n t t o i n d i c a t e 
t h a t t h e r e e x i s t many f o r m s o f l e a r n i n g a c t i v i t i e s a s s o c i a t e d w i t h d i f f e r e n t 
p h a s e s i n t h e o n g o i n g p r o c e s s o f f i n d i n g o u t a b o u t , p r o j e c t i n g f o r , c o n s t r u c t i n g , 
i n s t a l l i n g , s t a r t i n g u p , o p e r a t i n g , m a i n t a i n i n g a n d t h e n m o d i f y i n g t h e c a p i t a l 
g o o d s u s e d i n p r o d u c t i o n . 
H e n c e , p r i m a f a c i e , i t seems i m p r o b a b l e t h a t a n y s i n g l e l e a r n i n g ' f u n c t i o n ' 
w i l l s u c c e s s f u l l y a p p r o x i m a t e t h e e c o n o m i c e f f e c t s o f s u c h a n i n h e r e n t l y 
h e t e r o g e n e o u s s e t o f a c t i v i t i e s a s t h e o n e s d e s c r i b e d a b o v e - a n d i t seems 
m o r e p r o m i s i n g t o a d o p t a m o r e d i s a g r e g a t e d , e m p i r i c a l , a p p r o a c h t o t h e p h e n o m e n o n 
a t t e m p t i n g t o d e l i n e a t e t h e e c o n o m i c s o f t h e d i f f e r e n t t y p e s o f l e a r n i n g and 
a l s o t o b u i l d up a p i c t u r e o f t h e i m p o r t a n t k i n d s o f i n t e r a c t i o n s , m u t u a l 
r e i n f o r c e m e n t s and t r a d e - o f f s w h i c h e x i s t b e t w e e n t h e m . 
: J e x t , we t u r n t o a n a l y s e some f e a t u r e s o f t h e h i s t o r i c a l d e v e l o p m e n t 
o f U ¡ a r n i n g e f f o r t s i n t h e R o s a r i o p l a n t . 
T h e r e c o r d o f t h e t e c h n i c a l c h a n g e s i n t r o d u c e d , m a k e s i t c l e a r t h a t 
t h e l o c u s o f a t t e n t i o n f o r l e a r n i n g e f f o r t s w i t h i n t h e p l a n t , a n d t h e t i m e 
V 
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v a r i a t i o n o f l e a r n i n g a c t i v i t i e s h a s d i s p l a y e d i n many r e s p e c t s a s h i f t i n g 
p a t t e r n , as a t t e n t i o n a n d " l e a r n i n g e f f o r t s " g o t f o c u s e d w i t h v a r y i n g i n t e n s i t y 
f i r s t o n o n e p a r t o f t h e p l a n t , t h e n o n a n o t h e r , a n d s o o n . I n o t h e r w o r d s , 
i n s t e a d o f l e a r n i n g b e i n g " s m o o t h e d o u t " o v e r t h e w h o l e p l a n t a n d o v e r t i m e , 
t h e c h a r a c t e r i s t i c p a t t e r n seems t o b e o n e o f s u c c e s s i v e " s p u r t s " o f l e a r n i n g 
d i r e c t e d a t h i g h l y s p e c i f i c m a c h i n e r y e n d / o r p r o b l e m s . 
" F u r t h e r m o r e , a s we saw r e p e a t e d l y i n t h e p r e v i o u s c h a p t e r , t h e ' ' l e a r n -
i n g e f f o r t s ' 1 w h i c h l e a d t o t e c h n i c a l c h a n g e s a r e n o t o n l y c o n c e r n e d w i t h a t -
t e m p t s t o r e d u c e u n i t c o s t s o f p r o d u c t i o n , b u t e r a v e r y o f t e n a i m e d p r i m a r i l y 
a t o t h e r o b j e c t i v e s , s u c h as c a p a c i t y - s t r e t c h i n g , p r o d u c t - m i x c h a n g i n g , 
p r o d u c t q u a l i t y a l t e r i n g , e t c . 
T h e m a i n l i g h t we w e r e a b l e t o t h r o w o n t h i s c o m p l e x h i s t o r i c a l l e a r n -
i n g p a t t e r n - - c o n s i s t i n g o f " s p u r t s " o f d i f f e r e n t k i n d s o f l e a r n i n g , d i r e c t e d 
a t d i f f e r e n t p l a n t s e c t i o n s , w i t h v a r y i n g i n t e n s i t y e n d w i t h v a r y i n g o b j e c -
t i v e s a c r o s s t i m e — was t h a t t h e p a t t e r n c o u l d be c o n s i d e r e d as d e r i v e d f r o m 
( i ) u r g e n t e x o g e n o u s demands ( i i ) e x o g e n o u s s t i m u l i a n d ( i i i ) t h e e n d o g e n o u s 
p r e s s u r e f o r c h a n g e s . I n o t h e r w o r d s t h e p a r t i c u l a r l e a r n i n g - p a t h t a k e n by 
t h e R o s a r i o p l a n t , a n d t h e o b j e c t i v e s o f l e a r n i n g e f f o r t s a t d i f f e r e n t t i m e s , 
b e t r a y t h e v e r y m a r k e d i n f l u e n c e o f s p e c i f i c e x t e r n a l p r e s s u r e s and o p p o r t u -
n i t i e s , a s w e l l as t h e i n f l u e n c e o f a n e n d o g e n o u s p r e s s u r e f o r i m p r o v e m e n t 
b a s e d o n t h e a p p l i c a t i o n o f w h a t we c a l l e d a n e n g i n e e r i n g ' i m p r o v e m e n t e t h i c ' 
w i t h i n t h e p l a n t . 
' ' e c a n now t r y t o c l a r i f y t h i s p i c t u r e f u r t h e r : t h e w a y f o r w a r d i s 
t h r o u g h r e c o g n i s i n g t h a t t h e s e s e t s o f f a c t o r s w h i c h we h a v e p o s t u l a t e d a s 
' c a u s i n g " t e c h n i c a l c h a n g e i n t h e P s o s a r i o p l a n t ( a n d a l s o c a u s i n g t h e l e a r n -
i n g g i v i n g r i s e t o t e c h n i c a l c h a n g e s ) c l e a r l y d i d n o t o p e r a t e i n a v a c u u m , 
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b u t o n l y became o p e r a t i v e v i a t h e a c t u a l . l e a r n i n g e f f o r t s made by t h e p l a n t ' s 
m a n a g e r s , e n g i n e e r s and p e r s o n n e l . 
H e n c e i t seems c l e a r t h a t a n a d e q u a t e e x p l a n a t i o n o f t h e p a t h o f l e a r n -
i n g a n d t e c h n i c a l c h a n g e t a k e n by t h e R o s a r i o p l a n t w i l l n e e d t o c o n s i d e r 
s u c h q u e s t i o n s as t h e " l e a r n i n g c a p a c i t y o f t h e p l a n t ' s p e r s o n n e l " , and t h e v 
t h e m e o f t h e a c c u m u l a t i o n o f r e l e v a n t e x p e r i e n c e by t h e s e p e r s o n n e l . So we 
s h a l l now b r i e f l y c o n s i d e r t h e s e t w o q u e s t i o n s . 
V.'a f i r s t t a k e up t h e q u e s t i o n o f t h e c a p a c i t y o f p l a n t p e r s o n n e l . T h e 
f a c t t h a t t h e R o s a r i o p l a n t was a b l e t o s u c c e s s f u l l y s t r e t c h I t s p r o d u c t i v e 
c a p a c i t y , d i v e r s i f y i t s p r o d u c t m i x , e t c . w h e n f a c e d by u r g e n t e x o g e n o u s d e -
mands shows t h a t i t s p e r s o n n e l ( i n p a r t i c u l a r t h e t e c h n i c a l p e r s o n n e l ) " m u s t 
h a v e h a d t h e c a p a c i t y t o r e a c t s u c c e s s f u l l y w h e n r e q u i r e d t o m e e t u r g e n t 
• e x o g e n o u s d e m a n d s . F u r t h e r m o r e , i n t h o s e t e c h n i c a l c h a n g e s w h i c h w e r e e x o -
g e n o u s l y - s t i m u l . a t e J , r a t h e r t h a n u r g e n t l y d e m a n d e d , i t i s c l e a r t h a t i i o s a -
r i o p l a n t s t a f f i n many c a s e s e x h i b i t e d a c a p a c i t y t o a n t i c i p a t e t h e e n e r j e n c e 
o f p r e s s u r e s o r o p p o r t u n i t i e s , and t o d e v e l o p e n g i n e e r i n ; j p r o p o s a l s a n d p r o -
j e c t s I n a d v a n c e o f t h e i m m e d i a t e n e e d f o r t h e m . And v/e c a n a l s o n o t e t h a t 
s o f a r a s t h e t e c h n i c a l c h a n g e s w h i c h v/e a s c r i b e d t o ' e n d o g e n o u s p r e s s u r ; ' 
3ro c o n c e r n e d , t h e a b i l i t y o f p l a n t s t a f f t o g e n e r a t e a s t r e a m o f s u c h 
' i m p r o v e m e n t t> /pe ; l c h a n g e s a l s o a s s u m e s t h e e x i s t e n c e o f some s i g n i f i c a n t 
i n b u i l t c a p a c i t y and c o n c e r n f o r p l a n t i m p r o v e m e n t o n t h e p a r t o f F l o s a r i o 
p l a n t p e r s o n n e l w h i c h w a s p r e s e n t a v a n I n t h e a b s e n c e o f u r g e n t e x t e r n a l 
demands o r e x t e r n a l s t i m u l i . 
'-'e a r e s a y i n g , i n e f f e c t , t h a t t h e t e c h n i c a l c h a n g e s o b s e r v e d i n t h e 
R o s a r i o p l a n t show t h a t p l a n t p e r s o n n e l d i s p l a y e d ( a ) t h e c a p a c i t y t o r e a c t , 
( b ) t h e c a p a c i t y t o a n t i c i p a t e , a n d ( c ) an i n b u i l t c a p a c i t y t o e f f e c t i m -
p r o v e m e n t s i n d e p e n d e n t l y o f p a r t i c u l a r o u t s i d e s t i m u l i o r u r g e n t d e m a n d s . 
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Clearly enough, the development of these three capacities must bl. 
Inter-related and we can now suggest Some of the particular ways in which 
the interrelationship has worked. For instance: 
A) Exogenous Iy-demanded changes can give rise to organizational changes 
which in turn strengthen the resulting "stream" of endogenously ge-
nerated improvements. (This applied to the strengthening of the Quali-
ty Control Division in 1960-61, and of the Maintenance Division in 1969). 
B) The accumulation of "endogenously-generated" learning over time is like-
ly to reinforce the "capacity-to-react" if technical changes are sud-
denly required. This Is because many ideas will already exist as to 
improvements which may be made to the equipment, ways of stretching 
its capacity etc., so that response-time is likely to be fast, and the 
costs involved in project generation relatively low compared to what 
they wou1d have been if no "stock" of more-or-less worked out improve-
ment ideas existed, (e.g. The 81 Met Mi U reform 1969). 
C) The repeated exposure to the crises produced by exogenously demanded 
changes can be expected to lead to a greater 'anticipatory1 capability 
. involving the preparation of projects for reform in advance of the 
immediate need for them (1) (e.g. the reform-project for the Bar and 
Profile mill in 1971). 
(1) This l(S analogous to the competitive situation described by Schumpeter 
"But In capitalist reality, as distinguished from its textbook picture, 
(the),.. kind of competition which counts (is) the competition from the 
new commodity, the new technology, the new source of supply, the new 
type of organization... it is hardly necessary to point out that compe-
tition of the kind we now have ¡J) mind acts not only when it is in being 
but also when it is merely an ever-present threat. It disciplines be-
fore it attacks". Joseph Schumpeter, Capitalism, Socialism and Democracy 
New York: Harper, 2nd Ed. 1947, pp. Q^^W. ' 
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T h e s e a r e e v i d e n t l y o n l y t h r e e o f t h e many p o s s i b l e i n t e r a c t i o n s . 
I n g e n e r a l t h e e x p e r i e n c e o f t h e R o s a r i o p l a n t s u g g e s t s t h a t a n a d v a n c e 
i n a n y o n e o f t h e t h r e e l e a r n i n g c a p a c i t i e s - i . e . r e a c t i v e , a n t i c i p a t o r y 
a n d i n b u i l t - i s l i k e l y t o l e a d t o p o s i t i v e f e e d b a c k on t h e o t h e r t w o . 
We now t u r n b r i e f l y t h e s u b j e c t o f t h e a c c u m u l a t i o n o f e x p e r i e n c e 
w i t h i n t h e p l a n t : 
T h e r e c l e a r l y i s a n i m p o r t a n t r e l a t i o n s h i p w h i c h e x i s t s b e t w e e n 
w h a t we c a l l e d t h e c a p a c i t y o f t h e s t a f f t o c a r r y o u t t e c h n i c a l c h a n g e s 
a n d t h e s t a t e o f t h e i r a c c u m u l a t e d e x p e r i e n c e . As e x a m p i ' e s o f t h i s , we 
n o t e d t h e i m p o r t a n c e i n t h e d e s i g n a n d c o n s t r u c t i o n o f t h e R o s a r i o p l a n t 
o f t h e p r e v i o u s l y a c q u i r e d e x p e r i e n c e i n La C a n t á b r i c a o f I n g . R i c a r d o 
P u j á i s when i t came t o t h e d e s i g n a n d c o n s t r u c t i o n o f t h e R o s a r i o p l a n t ' s 
f i r s t S i e m e n s - M a r t i n f u r n a c e i n 1 9 ^ 3 a n d we a l s o n o t e d t h e c r u c i a l r o l e 
p l a y e d b o t h i n t h e B i l l e t m i l l r e f o r m o f 1 9 6 9 a n d , in the. B a r a n d P r o f i l e m i l l 
r e f o r m o f 1 9 7 0 - 7 1 by t h e l o n g a c c u m u l a t e d i n - p ? a n t e x p e r i e n c e o f t h e D i r e c t o r 
o f t h e R o l l i n g D i v i s i o n a n d h i s D e p u t y . 
B e s i d e s s h o w i n g t h e i m p o r t a n c e o f a c c u m u l a t e d e x p e r i e n c e i n p e r m i t t i n g 
c e r t a i n t e c h n i c a l c h a n g e s , t h e s e t w o e x a m p l e s a l s o i 1 1 u s t r a t e how t h e b e n e f i t s 
o f a c t s o f l e a r n i n g ( e x p e r i e n c e ) may o f t e n be d e l a y e d b e n e f i t s . T h i s p o i n t 
i s o f c o u r s e w e l l - k n o w n . H o w e v e r w h a t i s p e r h a p s l e s s w e l l a p p r e c i a t e d i s 
t h a t e v e n t h e t y p e o f l e a r n i n g a c t i v i t y a s s o c i a t e d w i t h m a r g i n a l i m p r o v e -
m e n t s t o e x i s ' t i n g f a c i l i t i e s may s o m e t i m e s p r o v e t o g e n e r a t e some o r a l l 
o f i t s b e n e f i t s o n l y w i t h a c o n s i d e r a b l e t i m e - l a g , ( E . g . much o f t h e v a l u e 
o f t h e ' m a r g i n a l ' l e a r n i n g a c t i v i t i e s i n t h e R o s a r i o p l a n t ' s r o l l i n g d i v i -
s i o n o v e r t h e y e a r s had t o ' w a i t ' u n t i l t h e 1 9 ^ 9 B i l l e t m i l l reform a n d t h e 
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1 9 7 0 - 7 1 B a r a n d P r o f i l e r e f o r m b e f o r e g e t t i n g t r a n s l a t e d i n t o a c t u a l t e c h n i c a l 
c h a n g e s o f e c o n o m i c v a l u e t o t h e p l a n t ) . T h i s s u g g e s t s t h a t a l e a r n i n g - b y -
s p e n d i n g m o d e l , s u c h a s t h a t o f K a t z , w h i c h a s s u m e s o n l y a s h o r t - t i m e l a g 
b e t w e e n e x p e n d i t u r e o n ' a d a p t i v e ( m i n o r ) R a n d D ' a n d t h e e c o n o m i c r e s u l t s may 
b e l e a v i n g o u t o f a c c o u n t s i g n i f i c e n t f u t u r e b e n e f i t s w h i c h c a n o c c u r , w i t h 
a s u b s t a n t i a l t i m e - l a g , t o t h e p l a n t . 
I n p a r a l l e l w i t h t h i s p o i n t a b o u t t h e p o t e n t i a l l y d e l a y e d e f f e c t s o f 
l e a r n i n g i s t h e o b v i o u s b u t i m p o r t a n t p o i n t t h a t a n a p p r e c i a b l e a m o u n t o f 
l e a r n i n g w h i c h w e n t o n i n t h e R o s a r i o p l a n t , was w a s t e d . T h i s c a n be i l l u s -
t r a t e d w i t h a n u m b e r o f e x a m p l e s . 
I n t h e f i r s t p l a c e , a n a p p r e c i a b l e n u m b e r o f e n g i n e e r i n g s t u d i e s a n d 
p r o j e c t s p u t f o r w a r d f r o m t i m e t o t i m e b y t h e p l a n t ' s S e n i o r M a n a g e m e n t o r by 
i t s v a r i o u s D i v i s i o n s w e r e n o t t a k e n u p . ( 1 ) . 
S e c o n d l y , some o f t h e s p e c i f i c e d u c a t i o n a l e x p e r i e n c e s a c q u i r e d by 
v a r i o u s o f t h e R o s a r i o p l a n t ' s e n g i n e e r s a n d t e c h n i c a l s t a f f i n t h e p e r i o d 
1 9 5 8 - 1 9 6 8 - f o r i n s t a n c e i n v o l v i n g c o u r s e s o n b l a s t F u r n a c e s a n d o n o x y g e n 
s t e e l m a k i n g , d i d n o t e v e r p r o v e t o b e u s e a b l e e i t h e r i n t h e R o s a r i o p l a n t 
a r w i t h i n A c i n d a r a s a w h o l e . ( B e c a u s e t h e A c i n d a r b l a s t - f u r n a c e a n d 
? x y g e n s t e e l m a k i n g p r o j e c t was f i n a l l y b a l k e d by t h e A r g e n t i n e g o v e r n m e n t i n 1 9 6 8 ) 
( 1 ) F o r i n s t a n c e , a m b i t i o u s p r o j e c t s t o i n s t a l c o n t i n u o u s c a s t i n g , e l e c t r i c 
a r c f u r n a c e s t e e l m a k i n g a n d e v e n s t e e l m a k i n g by c o n v e r t e r w e r e n o t t a fcen 
u p . On a m o r e m o d e s t s c a l e ' , p r o p o s a l s f o r a d d i n g e x t r a s t a n d s t o t h e b i l -
l e t m i l l w e r e n o t a c t e d o n , a n d many p r o j e c t s i n v o l v i n g t h e a c q u i s i t i o n o f 
a d d i t i o n a l c a p i t a l g o o d s d i d n o t r e c e i v e t h e g o - a h e a d . 
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T h i r d l y , t h e f a c t t h a t , i n e v i t a b l y , i n t h e c o u r s e o f t h e y e a r s , some o f 
t h e R o s a r i o p l a n t ' s e n g i n e e r s a n d t e c h n i c a l s t a f f h a v e l e f t t h e p l a n t - e i t h e r 
t o c o n t i n u e t h e i r c a r e e r s i n A c i n d a r ' s o t h e r p l a n t s , o r t o w o r k f o r c o m p e t i -
t i v e e n t e r p r i s e s o r t o go a b r o a d - means t h a t a s i g n i f i c a n t f r a c t i o n o f t h e 
l e a r n i n g t h e y a c c u m u l a t e d ; i n t h e p l a n t b e c a m e n o l o n g e r a v a i l a b l e f o r t h e 
p l a n t t o u s e . ( 1 ) 
H e n c e i t i s c l e a r t h a t t h e r e i s no s i m p l e o n e t o o n e r e l a t i o n s h i p s 
between t h e a c c u m u l a t i o n o f e x p e r i e n c e i n t h e R o s à r i o p l a n t a n d t h e t e c h n i -
c a l c h a r g e s i n t r o d u c e d t h e r e . T h e f a c t i s t h a t much o f t h e e x p e r i e n c e 
a c c u m u l a t e d i n t h e R o s a r i o p l a n t w a s . n o t a l l u s a b l e i m m e d i a t e l y b u t c o n s t i -
t u t e d w h a t m i g h t be c a l l e d " p o t e n t i a l l y u s a b l e l e a r n i n g " a n d some o f t h i s 
was t h e n a p p l i e d . w i t h . a c o n s i d e r a b l e d e l a y , o r was n e v e r a p p l i e d . ' 
T h e s e s i m p l e o b s e r v a t i o n s a r e u s e f u l i n t h a t t h e y d e m o n s t r a t e some o f 
t h e p i t f a l l s i n v o l v e d i n t r y i n g t o d e v e l o p a n y a l 1 - e n c o m p a s s i n g m o d e l o f how 
" l e a r n i n g " - a c t i v i t i e s a n d e x p e n d i t u r e s r e b o u n d o n t h e e c o n o m i c p e r f o r m a n c e 
o f p l a n t s . 
( V ) A n o t h e r s o r t o f ' w a s t e ' o f a c c u m u l a t e d e x p e r i e n c e i s d e s c r i b e d b y P e n r o s e , 
who n o t e s t h a t . . . . " M a n y o f t h e p r o d u c t i v e s e r v i c e s c r e a t e d t h r o u g h a n 
i n c r e a s e i n k n o w l e d g e t h a t o c c u r s a s a r e s u l t o f e x p e r i e n c e g a i n e d i n t h e 
o p e r a t i o n o f t h e f i r m as t i m e p a s s e s w i l l r e m a i n u n u s e d i f t h e f i r m f a i l s 
t o e x p a n d . . . . T h e u n u s e d s e r v i c e s c r e a t e d i n o l d a s w e l l a s i n n e w l y a c -
q u i r e d p e r s o n n e l t h r o u g h i n c r e a s e s i n b o t h ' o b j e c t i v e ' k n o w l e d g e a n d e x -
p e r i e n c e do n o t o f t e n e x i s t i n t h e o p e n f o r m o f i d l e m a n - h o u r s b u t r a t h e r 
i n t h e c o n c e a l e d f o r m o f u n u s e d a b i l i t i e s " . E . T . P e n r o s e , o p . c i t , p . 5 k . 
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I t w i l l new b e u s e f u l , b e f o r e p r o c e d l n g , t o s u m m a r i s e w h a t h a s b e e n 
s a i d s o f a r a b o u t l e a r n i n g i n t h e R o s a r i o p l a n t . T h e f i r s t o b s e r v a t i o n was 
t h c t many k i n d s o f " l e a r n i n g " a c t i v i t i e s h a d t a k e n p l a c e i n t h e R o s a r i o p l a n t 
a s s o c i a t e d w i t h d i f f e r e n t p h a s e s i n t h e o n g o i n g p r o c e s s o f f i n d i n g o u t a b o u t , 
p r o j e c t i n g f o r c o n s t r u c t i n g , s t a r t i n g u p , o p e r a t i n g , m a i n t a i n i n g a n d t h e n 
m o d i f y i n g t h e p l a n t ' s c a p i t a l g o o d s . 
S e c o n d l y we p o i n t e d t o t h e s h i f t i n g p a t t e r n o f l e a r n i n g e f f o r t s o v e r 
t i m e i n t e r m s o f t h e i r i n t e n s i t y , l o c u s w i t h i n t h e p l a n t , a n d o b j e c t i v e s . 
T h i r d we r e c a l l e d t h a t t h i s s h i f t i n g p a t t e r n o f l e a r n i n g e f f o r t s c o u l d 
b e u s e f u l l y e x p l a i n e d i n t e r m s o f ( i ) r e a c t i o n s t o u r g e n t e x o g e n o u s d e m a n d s , 
( i i ) r e s p o n s e s t o e x t e r n a l s t i m u l i , a n d ( i i i ) t h e ' e n d o g e n o u s p r e s s u r e 1 f o r 
p l a n t i m p r o v e m e n t ? w h i c h was ' b u i l t - i n ' t o t h e p l a n t ' s o r g a n i z a t i o n a n d i n 
i t s t e c h n i c a l p e r s o n n e l . 
F o u r t h we n o t e d t h a t t h e R o s a r i o p l a n t ' s p e r s o n n e l ( p a r t i c u l a r l y i t s 
t e c h n i c a l p e r s o n n e l ) h a d e x h i b i t e d a d e f i n i t e c a p a c i t y t o r e a c t t o u r g e n t 
e x o g e n o u s d e m a n d s , t o a n t i c i p a t e a n d r e s p o n d a c c o r d i n g l y t o e x o g e n o u s s t i m u l i , 
a n d t o g e n e r a t e a s i g n i f i c a n t s t r e a m o f " e n d o g e n o u s " i m p r o v e m e n t s , a n d we w e r e 
a b l e t o p o i n t t o i n s t a n c e s i n t h e e x p e r i e n c e o f t h e p l a n t w h i c h s u g g e s t e d t h a t 
t h e s e t h r e e k i n d s o f " c a p a c i t i e s " w e r e i n t e r - r e l a t e d i n a m u t u a l l y r e i n f o r -
c i n g m a n n e r . 
F i f t h we p o i n t e d o u t , t h a t t h e r e was u n l i k e l y t o b e a n y s i m p l e r e l a t i o n -
s h i p b e t w e e n t h e a c c u m u l a t i o n o f e x p e r i e n c e i n t h è p l a n t ( v i a l e a r n i n g ) a n d 
t h e r e s u l t a n t f l o w o f t e c h n i c a l c h a n g e s w h i c h b r o u g h t e c o n o m i c b e n e f i t s t o 
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t h e p l a n t - b e c a u s e o f t h e p r o b l e m s o f t h e c o n s i d e r a b l e de j_ays w i t h w h i c h some 
o f t h e b e n e f i t s o f l e a r n i n g i n t h e R o s a r i o p l a n t g o t r e a l i s e d a n d b e c a u s e o f 
t h e i n c i d e n c e o f w a s t e d l e a r n i n g . 
£onc J_usi ons_ 
T h e f o r e g o i n g o b s e r v a t i o n s c o n c e r n i n g t h e R o s a r i o p l a n t s u g g e s t t h r e e 
u s e f u l w a y s t o c a r r y f o r w a r d t h e a n a l y s i s o f t h e " l e a r n i n g " p h e n o m e n o n . 
T o - b e g i n w i t h , i t w o u l d b e v a l u a b l e t o i n i t i a t e a s e r i e s o f e r a p f - r i c a l 
s t u d i e s c o n c e r n i n g t h e " r a t e s o f r e t u r n " o b t a i n e d by p l a n t s f r o m t h e q u a l i t a -
t i v e l y d i f f e r e n t k i n d s o f l e r a n i n g a c t i v i t i e s i n w h i c h t h e y e n g a g e . F o r 
i n s t a n c e i t w o u l d be v a l u a b l e t o know w h a t r a t e s o f r e t u r n a r e o b t a i n e d by 
p l a n t s f r o m t h e i r e x p e n d i t u r e s ( i ) o n l e a r n i n g d u r i n g s t a r t - u p , ( i i ) on 
l e a r n i n g a s s o c i a t e d w i t h m a i n t e n a n c e e x p e n d i t u r e s , ( i i i ) o n t h e l e a r n i n g 
c a r r i e d o u t by i n d u s t r i a l e n g i n e e r i n g d e p a r t m e n t s , e t c . E v e n t h o u g h s u c h 
s t u d i e s a r e b o u n d t o be b e s e t b y many k i n d s o f m e a s u r e m e n t d i f f i c u l t i e s , t h e y 
w o u l d h a v e t h e g r e a t v i r t u e o f c l a r i f y i n g t h e d i s t i n c t k i n d s o f cost- , a n d 
b e n e f i t s a s s o c i a t e d w i t h t h e many d i s t i n c t k i n d o f l e a r n i n g a c t i v i t i e s , a n d 
i n many c a s e s i t may w e l l b e p o s s i b l e t o g i v e a r e a s o n a b l y c l e a r i d e a o f t h e 
a v e r a g e r a t e s o f r e t u r n i n v o l v e d i n s u c h p r o j e c t s a s w e l l a s t h e r a n g e o f 
v a r i a n c e i n v o l v e d . S u c h s t u d i e s w o u l d b e a u s e f u l e m p i r i c a l c o n t r i b u t i o n t o 
t h e w o r k i n g o u t o f b e t t e r t h e o r e t i c a l m o d e l s o f l e a r n i n g by t h e f i r m , t h a n t h o s e 
t h a t a r e c u r r e n t l y m o s t w i d e l y - p u t f o r e w o r d i n t h e e c o n o m i c l i t e r a t u r e . 
I n t h e s e c o n d p l a c e , i t w o u l d b e v a l u a b l e t o t r y t o d i s t i n g u i s h b e t w e e n 
f i r m s ( p l a n t s ) o n t h e b a s i s o f t h e d i f f e r e n t k i n d o f " l e a r n i n g p a t h s " t h a t t h e y 
h a v e p u r s u e d . We saw t h a t i n t h e R o s a r i o p l a n t t h e l e a r n i n g p a t h h a s i n -
v o l v e d a h i g h i n c i d e n c e o f ( a ) i n c r e m e n t a l c a p a c i t y - s t r e t c h i n g t e c h n i c a l 
c h a n g e , a n d ( b ) p r o d u c t d i v e r s i f i c a t i o n . H o w e v e r , a s we p c i n t e t ! o u t i n 
C h a p t e r I I d i f f e r e n t p l a n t s o f t e n h a v e v e r y d i f f e r e n t s e t s o f o b j e c t i v e s 
f o r t e c h n i c a l c h a n g e . I n some p l a n t s , c o s t - r e d u c i n g t e c h n i c a l c h a n g e 
may b e t h e m o s t i m p o r t a n t , o r e l s e q u a l i t y c h a n g e s may h a v e t h e f i r s t 
p l a c e a n d o f c o u r s e t h e s e p r i o r i t i e s a r e s u b j e c t t o c h a n g e o v e r t i m e . 
T h e r e s u l t o f t h e e x i s t e n c e o f . d i f f e r e n t o b j e c t i v e s a n d p r i o r i t i e s f o r 
t e c h n i c a l char.gi?. i s t h a t f i rms w i l l t e n d t o t r a v e l a l o n g d i f f e r e n t l e a r n i n g 
p a t h s . T h e r e i s a l s o a n o t h e r f a c t o r a t w o r k - w h i c h i s t h e a v a i l a b i l i t y 
o f i n v e s t m e n t c a p i t a l . Some p l a n t s a r e c l e a r l y m o r e c a p i t a l - s t a r v e d 
t h a n o t h e r s , o r e l s e c a n n o t u n d e r t a k e m a j o r i n v e s t m e n t s b e c a u s e g o v e r n -
m e n t r e s t r i c t i o n s b l o c k t h e w a y . fn s u c h c a s e s , t h e l e a r n i n g a s s o c i a t e d 
w i t h i n c r e m e n t a l i m p r o v e m e n t s t o t h e e x i s t i n g f a c i l i t i e s w i l l b e a l l i m -
p o r t a n t , b e c a u s e m a j o r new i n c o r p o r a t i o n s o f o u t s i d e t e c h n o l o g y a r e c o m -
p l e t e l y r u l e d o u t . 
H e n c e i t seems h i g h l y a p p r o p r i a t e t o s e e k t o d e v e l o p a n e m p i r i c a l 
c l a s s i f i c a t i o n o f t h e a l t e r n a t i v e " l e a r n i n g p a t h s " w h i c h f i r m s ( p l a n t s ) 
p u r s u e , i n o r d e r t h a t o p t i m i z a t i o n t h e o r y c a n t h e n be g u i d e d by t h e r e -
q u i r e m e n t s o f t h e s e d i f f e r e n t p a t h s r a t h e r t h a n b e i n g g u i d e d by t h e u n -
r e a l i s t i c a s s u m p t i o n t h a t a l l f i r m s a r e p u r s u i n g t h e same u n i q u e o b j e c t i v e 
o f u n i t - c o s t r e d u c t i o n . 
T h i r d l y and f i n a l l y , t h e i m p o r t a n c e o f t h e w a y i n w h i c h f i r m s ( p l a n t s ) 
o r g a n i z e t h e m s e l v e s f o r l e a r n i n g a c t i v i t i e s h a s e m e r g e d c l e a r l y i n t h i s 
c a s e s t u d y o f t h e R o s a r i o p l a n t . E v e n i f - a s H i r s c h m a n p o i n t s o u t , a n d 
a s t h e e x p e r i e n c e o f t h e R o s a r i o p l a n t c o n f i r m s - much c r u c i a l l e a r n i n g 
-195-
t a k e s p l a c e a s a r e s p o n s e t o c r i s i s , i t i s s t i l l p e r t i n e n t t o e n q u i r e how 
f i r m s a r e a b l e t o o r g a n i z e t h e m s e l v e s t o g e t o u t o f c r i s e s , a n d w h e t h e r by 
b e t t e r o r g a n i z a t i o n s u c h c r i s e s c o u l d n o t b e e i t h e r s o f t e n e d i n t h e i r e c o -
n o m i c e f f e c t s o r e l s e t u r n e d t o e v e n b e t t e r a d v a n t a g e . 
As f o r t h e ' n o n - c r i s i s ' l e a r n i n g a c t i v i t i e s , t h e r e i s e v e r y r e a s o n 
t o b e l i e v e t h a t t h e i n t e n s i t y a n d e f f e c t i v e n e s s o f t h e s e i s g r e a t l y i n -
f l u e n c e d by t h e w a y i n w h i c h t h e f i r m o r g a n i z e s i t s e l f . T h u s c o m p a r a t i v e 
e m p i r i c a l s t u d i e s o f t h e way f i r m s " o r g a n i z e f o r l e a r n i n g " s h o u l d b e u s e f u l 
i n h e l p i n g , t o a c c o u n t f o r v a r i a t i o n s i n f i r m ' s p e r f o r m a n c e . I f s u c h s t u d i e 
c o u l d b e l i n k e d t o t h e e a r l i e r o n e s we h a v e s u g g e s t e d , i . e . c o n c e r n i n g t h e 
" r a t e s o f r e t u r n " t o l e a r n i n g e x p e n d i t u r e s a n d . c o n c e r n i n g t h e s t u d y o f a l -
t e r n a t i v e " l e a r n i n g p a t h s " , t h e n some v a l u a b l e f i n d i n g s s h o u l d r e s u l t , 
w h i c h w o u l d b e o f i n t e r e s t b o t h t o p r a c t i c a l p r o j e c t - a n a l y s i s a n d p o l i c y -
m a k i n g , a s w e l l a s t o t h e i m p r o v e m e n t o f t h e e c o n o m i c t h e o r y o f " l e a r n i n g " 
w h i c h i s s t i l l i n a r a t h e r p r i m i t i v e s t a t e . 
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- • ' ' CHAPTER I V 
THE RESULTS OF THE CASE-STUDY 
i n t h i s f i n a l c h a p t e r o u r a i m i s s i m p l y t o r e v i e w t h e m a i n r e s u i t s . 
w h i c h e m e r g e f r o m t h e c a s e - s t u d y . I n b r i e f f o r m , t h e s e c a n b e e x p r e s s e d 
f 
a s f o l l o w s : 
1 ) T h e o b j e c t i v e s s o u g h t a n d o b t a i n e d by t e c h n i c a l c h a n g e i n t h e R o s a r i o 
p l a n t h a v e g o n e f a r b e y o n d m e r e l y r e d u c i n g t h e u n i t c o s t s o f p r o d u c -
t i o n . V / h i l s t u n i t c o s t r e d u c t i o n h a s c e r t a i n l y b e e n o n e o f t h e p e r -
s i s t e n t l y i m p o r t a n t o b j e c t i v e s , o t h e r o b j e c t i v e s , i n p a r t i c u l a r i n -
c r e a s i n g , p r o d u c t i o n c a p a c i t y , d i v e r s i f y i n g t h e p r o d u c t m i x , a n d i m -
p r o v i n g p r o d u c t q u a l i t y , h a v e b e e n o f m a j o r i m p o r t a n c e t o o . ( 1 ) 
2 ) V e r y many t e c h n i c a l , c h a n g e s i n t h e R o s a r i o p l a n t h a v e h a d m u l t i p l e 
o b j e c t i v e s . T h u s , we e n c o u n t e r e d many i n s t a n c e s o f c a p a c i t y i n c r e a s -
i n g c h a n g e s u ' h i c h w e r e a l s o d e s i g n e d t o r e d u c e u n i t c o s t ; o f ' d i r e c t ' 
u n i t c o s t r e d u c i n g t e c h n i c a l c h a n g e s w h i c h a l s o i n c r e a s e d - c a p a c i t y ; 
o f p r o d u c t q u a l i t y c h a n g e s w h i c h a l s o l e d t o r e d u c t i o n s i n u n i t c o s t s ; 
o f c h a n g e s i n p r o d u c t m i x w h i c h l e d t o i n c r e a s e d c a p a c i t y , e t c . , e t c . 
3 ) T h e h i s t o r y o f t h e R o s a r i o p l a n t d i s p l a y s a v e r y i m p r e s s i v e d e g r e e 
o f a d a p t a t i o n i n a b a s i c a l l y ' o l d v i n t a g e ' p l a n t t o p r e v e n t i t f r o m 
b e c o m i n g o b s o l e t e - - a c h i e v e d t h r o u g h c a p a c i t y - s t r e t c h i n g , p r o d u c t - d i -
v e r s i f y i n g a n d q u a l i t y i m p r o v i n g t e c h n i c a l c h a n g e s , a s w e l l a s by 
( 1 ) I n d e e d o n e o r m o r e o f t h e s e h a v e o f t e n t a k e n p r e c e d e n c e - a s o b j e c t i v e s 
s o u g h t b y t e c h n i c a l c h a n g e - o v e r t h e o b j e c t i v e o f r e d u c i n g u n i t c o s t s 
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d i r e c t c o s t - r e d u c i n g t e c h n i c a l c h a n g e s . 
B o t h t h e d i s t r i b u t i o n o f e f f o r t a s b e t w e e n t h e d i f f e r e n t o b j e c t i v e s 
o f t e c h n i c a l c h a n g e , a n d t h e ' r a t e ' o f t e c h n i c a l c h a n g e m e a s u r e d b y 
i t s i m p a c t o v e r t i m e o n t h e p r i n c i p a l p l a n t o u t p u t a n d p e r f o r m a n c e 
p a r a m e t e r s , h a v e v a r i e d g r e a t l y t h r o u g h o u t t h e l i f e - o f t h e p l a n t . 
I n d e e d t h e r e c o r d shows t h a t t h e l o c u s , i n t e n s i t y a n d o b j e c t i v e s 
o f t e c h n i c a l c h a n g e s w i t h i n t h e p l a n t h a v e b e e n c o n t i n o u s l y c h a n g i n g 
o v e r t i m e i n r e s p o n s e t o c h a n g i n g p r e s s u r e s a n d o p p o r t u n i t i e s . . 
T h e n a t u r e o f t h e s e c h a n g i n g p r e s s u r e s a n d o p p o r t u n i t i e s w a s e x p l o r e d , 
a n d t h e f o l l o w i n g c o n c l u s i o n s w e r e r e a c h e d : 
( a ) Many o f t h e most , i m p o r t a n t t e c h n i c a l c h a n g e s i n t r o d u c e d w e r e 
r e s p o n s e s a d o p t e d i n ' t h e . l i g h t o f p r e s . s i n g e x t e r n a l c i r c u m s t a n c e s 
s u c h a s r a d i c a l i n c r e a s e s o r r e d u c t i o n s i n t h e v o l u m e o f e f f e c t i v e 
demand f a c e d by t h e p l a n t , c h a n g e s i n t h e c o m p o s i t i o n o f e f f e c t i v e 
d e m a n d , p r o b l e m s w i t h r a w m a t e r i a l s s u p p l y , p r o b l e m s a s s o c i a t e d w i t h 
u n e x p e c t e d l a c k o f i n v e s t m e n t f u n d s e t c . , e t c . , a l l o f w h i c h made 
t e c h n i c a l c h a n g e s i n t h e p l a n t e x t r e m e l y p r e s s i n g s o a s t o a v o i d t h e 
i m m i n e n t a n d s i z e a b l e e c o n o m i c p e n a l t i e s t h a t w o u l d h a v e e n s u e d f o r 
A c i n d a r i f t h e t e c h n i c a l c h a n g e s h a d n o t b e e n m a d e . (We saw t h a t 
t h e s e p e n a l t i e s w o u l d h a v e a r i s e n i n t h e f o r m o f a l o w d e g r e e o f 
u t i l i z a t i o n o f A c i n d a r ' s i n s t a l l e d c a p i t a l , e i t h e r i n t h e R o s a r i o 
p l a n t i t s e l f , o r i n t h e A c e v e d o p l a n t . ) We c a l l e d t h e s e t y p e s o f 
c h a n g e s " e x o g e n o u s l y d e m a n d e d " . 
( b ) We a l s o saw how many t e c h n i c a l c h a n g e s ( i n c l u d i n g some o f t h e 
m a j o r o n e s ) c o u l d n o t b e r e g a r d e d a s u r g e n t l y r e q u i r e d r e s p o n s e s t o 
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r a d i c a l l y c h a n g e d e x t e r n a l c i r c u m s t a n c e s , b u t w e r e n e v e r t h e l e s s s t i -
m u l a t e d by c h a n g e d e x o g e n o u s c i r c u m s t a n c e s s u c h a s - t y p i c a l l y - t h o s e 
o c c u r r i n g i n : t h e p a t t e r n o f d e m a n d . T h e s e we c a l l e d " e x o g e n o u s l y 
s t i m u l a t e d " c h a n g e s . 
( c ) F i n a l l y we saw how a l a r g e n u m b e r o f t h e m i n o r t e c h n i c a l c h a n g e s 
c o u l d n o t b e r e g a r d e d a s h a v i n g b e e n d e m a n d e d o r e v e n s t i m u l a t e d i n 
a n y d i r e c t way by s p e c i f i c e x o g e n o u s f a c t o r s , b u t r e s u l t e d i n s t e a d 
f r o m w h a t we c a 1 1 e d t h e " e n d o g e n o u s p r e s s u r e " - f o r p l a n t i m p r o v e m e n t s 
a r i s i n g f r o m t h e r e g u l a r a c t i v i t i e s o f p l a n t p e r s o n n e l a n d d i v i s i o n s 
c o n c e r n e d w i t h , - o r s p e c i f i c a l l y c h a r g e d w i t h , t h e m i s s i o n o f i n c r e a s -
i n g p l a n t e f f i c i e n c y . T h e s e c h a n g e s we c a l l e d ' e n d o g e n o u s l y g e n e r a t e d . 
W h a t e v e r t h e o r i g i n o f t h e i n i t i a l i m p u l s e t o w a r d s t e c h n i c a l c h a n g e 
( i . e . w h e t h e r e x o g e n o u s l y - d e m a n d e d , e x o g e n o u s l y - s t i m u l a t e d o r e n d o -
g e n o u s l y - g e n e r a t e d ) we n o t e d t h a t v i r t u a l l y a l l t h e i n c r e m e n t a l t e c h -
n i c a l c h a n g e s , a n d m o s t o f t h e m a j o r t e c h n i c a l c h a n g e s t o o w e r e b o t h 
e n g i n e e r e d and- i m p l e m e n t e d l a r g e l y by R o s a r i o p l a n t p e r s o n n e l . O n l y 
t w o o f t h e d o z e n o r so m o s t i m p o r t a n t t e c h n i c a l c h a n g e s i n t h e p l a n t 
h a v e b e e n c a r r i e d o u t u n d e r t h e l e a d e r s h i p o f o u t s i d e c o n s u l t a n t s . 
T h i s i n - p ' l a n t c a p a b i l i t y t o e n g i n e e r a n d e x e c u t e t e c h n i c a l c h a n g e s 
a p p e a r s t o h a v e a r i s e n a n d d e v e l o p e d i n s e v e r a l d i f f e r e n t w a y s : 
- t h r d u g h t h e p r e v i o u s l y a c q u i r e d e x p e r i e n c e o f t h e p l a n t ' s e n g i n e e r s , 
t h r o u g h t h e o n - t h e - j o b e x p e r i e n c e a c q u i r e d i n t h e p l a n t i t s e l f , t h r o u g h 
h a v i n g t o r e s p o n d t o u r g e n t e x o g e n o u s d e m a n d s , t h r o u g h r e s p o n d i n g t o 
e x o g e n o u s s t i m u l i , a n d t h r o u g h t h e d e l ¡ b e r a t e r e o r g a n i z a t i o n s c a r r i e d 
o u t - w h i c h i m p r o v e d t h e p l a n t ' s b u i l t - i n c a p a b i l i t y f o r g e n e r a t i n g e n -
d o g e n o u s i1 i m p r o v e m e n t - t y p e c h a n g e s . 
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l n t e r m s o f t h e p e c u l i a r h i s t o r i c a l f a c t o r s w h i c h m i g h t s u g g e s t t h a t 
t h e e x p e r i e n c e o f t h e R o s a r i o p l a n t i s a n u n r e p r e s e n t a t i v e s p e c i a l 
c a s e — i t i s w o r t h n o t i n g t h a t t h e R o s a r i o p l a n t was b o t h f a v o u r e d 
a n d b l o c k e d by i t s r e l a t i o n s h i p w i t h t h e r e s t o f A c i n d a r . I t w a s 
f a v o u r e d t o t h e e x t e n t t h a t t h e p l a n t c o u l d r e l y o n a n e v e r s a t i s f i e d 
demand f o r i t s b i l l e t s a f t e r 1 9 6 l - 6 2 - a n d was a l s o f a v o u r e d by A c i n d a r 1 
t e c h n o l o g i c a l ' e t h o s ' o f w i l l i n g n e s s t o e x p e r i m e n t a n d by b e i n g a b l e 
t o c o n s u l t w i t h A c i n d a r ' s c e n t r a l e n g i n e e r i n g g r o u p . B u t t h e R o s a r i o 
p l a n t was n e v e r t h e l e s s v e r y much t h e ' j u n i o r p a r t n e r ' t o t h e A c e v e d o 
p l a n t , w h i c h l e d t o i t s b e i n g r e l a t i v e l y c u t - o f f f r o m i n v e s t m e n t f u n d s 
a n d f o r c e d t o m a k e - d o w i t h l a r g e l y o u t m o d e d t e c h n o l o g y . W h i l s t t h i s 
h i s t o r i c a l s i t u a t i o n h a s l e d t o t h e u n d e r t a k i n g i n t h e R o s a r i o p l a n t 
o f a n u n u s u a l l y h i g h d e g r e e o f " i n c r e m e n t a l c a p a c i t y - s t r e t c h i n g " 
t e c h n i c a l c h a n g e - we n o t e d t h a t t h e r e i s n o t h i n g i n h e r e n t l y r a r e a b o u t 
t h i s k i n d o f t e c h n i c a l c h a n g e , i n f a c t j u s t t h e o p p o s i t e , i t i s common 
i n o t h e r s t e e l p l a n t s t o o . As f o r t h e many o t h e r o b j e c t i v e s o f t e c h n i -
c a l c h a n g e w h i c h we n o t e d i n t h e R o s a r i o p l a n t , e . g . u n i t c o s t r e d u c -
t i o n , p r o d u c t m i x d i v e r s i f i c a t i o n , p r o d u c t q u a l i t y c h a n g i n g , e t c . , 
t h e s e a r e a l s o common o b j e c t i v e s i n o t h e r s t e e l p l a n t s - s o a t m o s t 
we c a n s a y t h a t t h e ' b a l a n c e o f o b j e c t ! v e s ' . o f t e c h n i c a l c h a n g e i n 
t h e R o s a r i o p l a n t h a s p e r h a p s b e e n u n u s u a l l y b i a s e d t o w a r d s c a p a c i t y -
s t r e t c h i n g t e c h n i c a l c h a n g e . 
T h e s t u d y has d e m o n s t r a t e d i n many d i f f e r e n t w a y s t h e i m p o r t a n c e o f 
i n c r e m e n t a l t e c h n i c a l c h a n g e s i n t h e e v o l u t i o n o f t h e R o s a r i o p l a n t . 
I n c r e m e n t a l t e c h n i c a l c h a n g e s a c c o u n t e d f o r o v e r h a l f t h e i n c r e a s e 
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i n s t e e l m a k i n g c a p a c i t y d u e t o t e c h n i c a l c h a n g e , a n d v i r t u a l l y a l l 
t h e i n c r e a s e i n b i l l e t m i l l c a p a c i t y . T h e y h a v e a l s o b e e n e x t r e m e l y 
i m p o r t a n t i n r e d u c i n g u n i t c o s t s , c h a n g i n g p r o d u c t m i x , and i m p r o v i n g 
p r o d u c t q u a l i t y . A p a r t i c u l a r l y i n t e r e s t i n g p o i n t n o t e d was t h a t 
many i n c r e m e n t a l c h a n g e s d i d n o t s i m p l y d e r i v e f r o m o n - t h e - j o b l e a r n -
i n g , b u t w e r e p r o d u c e d a s a r e s u l t o f d e l i b e r a t e ' r e s e a r c h - t y p e ' 
s t r a t e g i e s i n t h e a r e a s o f p r e v e n t i v e m a i n t e n a n c e , i n d u s t r i a l e n g i -
n e e r i n g a n d q u a l i t y c o n t r o l , a s w e l l a s t h r o u g h e n g i n e e r i n g p r o j e c t s . 
1 0 ) T h e s t u d y t h r o w s l i g h t o n t h e e x i s t e n c e o f . ( a ) many d i s t i n t c v a r i e t i e s 
o f t e c h n i c a l c h a n g e s a n d ( b ) many d i f f e r e n t f o r m s o f l e a r n i n g w h i c h 
h a v e o c c u r r e d i n t h e R o s a r i o p l a n t . I t t h e r e f o r e c a s t s s e r i o u s d o u b t 
o n t h e a d e q u a c y o f t h e e c o n o m i c a n a l y s i s o f l e a r n i n g a n d t e c h n i c a l 
c h a n g e i n t e r m s o f u n i t c o s t - r e d u c t i o n a l o n e , a n d i t a l s o s u g g e s t s 
t h e i n h e r e n t d i f f i c u l t i e s w h i c h a r e l i k e l y t o b e s e t a i i-'iiBarning 
m o d e l s w h i c h a t t e m p t . t o a p p r o x i m a t e t h e o v e r a l l l e a r n i n g b e h a v i o u r 
o f a p l a n t o r f i r m i n a s i n g l e f o r m u l a . 
1 1 ) I n v i e w o f t h e s e d i f f i c u l t i e s we s u g g e s t e d t h a t a p r o m i s i n g way t o 
' a d v a n c e t h e e c o n o m i c a n a l y s i s o f t h e " l e a r n i n g p h e n o m e n o n " w o u l d b e 
t o d e v e l o p a m o r e s o l i d e m p i r i c a l b a s i s f o r t h e o r y . T h e p a r t i c u l a r 
r e s e a r c h l i n e s p u t f o r w a r d w e r e ( i ) r a t e - b f - r e t u r n s t u d i e s o n q u a l i -
t a t i v e l y d i s t i n c t k i n d s o f l e a r n i n g , ( i i ) s t u d i e s c o n c e r n i n g t h e 
' l e a r n i n g - p a t h s ' t a k e n by f i r m ' s a n d p l a n t s ( t a k i n g d u e a c c o u n t o f 
c o n s i d e r a t i o n s s u c h a s i n v e s t m e n t c o n s t r a i n t s ) , a n d ( i i i ) s t u d i e s 
o f how f i r m s a n d p l a n t s o r g a n i z e t h e i r l e a r n i - n g a c t i v i t i e s . 




